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BRIEF INTRODUCTION 

ASTRONOMY. 



OY A8TBOKOMY. 

Q. What is Astronomy ? 
* A. It is that sdence which explains the nature 
and motions of the planets, comets, and fixed stars ; 
the various phenomena which these bodies exhibit, 
and the laws by which their motions are regulated. 

Q. How is Astronomy divided 7 

A> Grenerally into two parts r namely, 1. Descrip^ 
tive Astronomy J containing an account of the phe- 
nomena of the planets, comets, and fixed stars. 2. 
Physical Astronomy^ containing the theory of the 
planetary motions. 

OF THE StJK. 

Q. What is the Sun ? 

A. By some it is supposed to be a large ball of 
fire. 

Q. What is the opinion of Db Hckschel re- 
specting it ? 

A. He regards the bright surface of the Sun as 
luminous clouds floating in the solar atmosphere. 
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Q. What does he consider the dark spots to be ? 

A. He considers them as the opagtie body of the 
Sun appearing through the atmosphere in conse* 
quence of the removal of part of the luminous clouds. 

Q. Does not he imagine, that below these self- 
luminous clouds there is another stratum of clouds 
of inferior brightness ? 

A. Yes ; and he supposes it to be intended as a 

« 

curtain to protect the solid and opaque body of the 
Sun from the intense brilliancy and heat of the lu- 
minous clouds. Hence it appears that the Sun con- 
sists of a dark solid nucleus^ surrounded by. two 
strata of clouds* 

Q. What does the Doctor conceive the outermost 
of these to be? 

A. He considers it to be the region cf that %ht 
and heat which are difRised from the centre to the re- 
motest parts of the system. 

Q. What is his opinion respecting the interior 
stratum f 

A. It is supposed to protect the inhalntants of 
the Sun from the fiery blaze of the stupendous fur- 
nace by which they sae surrounded. 

Q. Where is the Sun situated in the system ? 

A. Nearly in the centre of the orbits of Itll the 
planets. 

Q. What is his diameter? 

A. Eight himdred and eighty-three thousand two 
hundred and ten miles. 

Q. What is his circumference ? 
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Jf; Two iniUkHis seven hundsiecl and seventy *{bur 
thousand sbc hundred and ninety-two mil^. ^ 

Q. How many motions has the Sim ? 

A. He has one round his euvis from east to west^ 
in twenty-five days six hours, as is evident from 
the spots seen on his disc.1^ 

Q. Haa he any ctrctUar motion ? 

A. By comparing die proper motions of the fixed 
stars, Db Herschel has discovered that the whole 
system is advandng to the consteUation Hercuiesy 
or to a point in the heavens whose i^t ascension is 
280^ 52' 30"% and whose polar distance is 40» 2^. 

Q. What does he suppose this motion to be P 

A, He sn^gofies that this motion is peiformed 
round some distant centre, and he has endeavoured 
to detezmine its velocity. 

Q, What does he suppose its velocity to be ? 

A» He oonceiveB it to be espial to that of the 
Earth in its orbit, which is sixty-dght thousand 



* lo 1799) Dr Herschel perceived a spot on tbc surface of the 
sun witfcb wiM tboui fiHj tbousand nulsf in diameter^ which is 
more than six times the size of our earth« The tolar spots, when 
obsQired for several days successively, seem to move across the 
body of the sun from east to west When a spot begins to be seen 
on the eastern Kmb of the sun, it apptani Ifike a thin black line ; 
but aa h adftanesf tpwaids the centre of the di^c, its breadth i^ra. 
dually increases, and it again diminishes as it approaches the west- 
ern limb. This may be easily imitated by placing a black spot on 
a common globe, and observing the variations it undergoes while 
the gkibe is revoWlog on its axia. 
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miles an hour. But many ages must elapse before 
this inquiry can be crowned with success. 

OF THE PLANETS. 

Q. What is a planet ? 

A. It is a moving star, 

Q, How many kinds of planets are there ? 

A. Two ; primary and secondary. 

Q. What is a primary ? 

A, One that revolves round the Sun, as the Easth. 

Q. What is a secondary ? 

A. One that revolves round a primary, as the 
Moon. 

Q. How many primary planets belong to the 
system F 

A. Eleven ; Mercury, Venus, The Earth, 
Mars, Vesta, Ceres, Pallas, Juno, Jupiter, 
Saturn, and the Georgium Sidus or Herschel. 
Thosefour, between the orbits of Mars and Jupiter, 
called the Asteroids, have been recently discovered. 

Q, Which is the planet nearest the Sun ? 

A. Mercury. 

Q. Which the most distant, or the highest in the 
system? 

A. The Georgium Sidus or Herschelj which is 
likewise called Uranus. 

Q. How many secondary planets belong to the 
system ? 

A. Eighteen ; of which the Earth has one, Jupi- 
ter four, Saturn seven, and the Georgium Sidus six. 
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OF THE MOTION OF A FLAMET, AND ITS CAUSE. 

Q. Whatdo youunderstandtiy areo^i/tnea^motion? 

A. It is this, that all bodies, if there were nothing 
to prevent them, would move in straight lines. 

Q. Whence arises the curoilineal motion of the 
planets? 

A. It arises firom the uniform projectile motion 
of biddies in straight lines, and the universal power 
of attraetion which draws them off from these straight 

' « • • • 

lines. 

Q. Why would a body projected along a straight 
line, in open space, where it would meet with no re- 
sistance, nor be turned aside by any other power, 
go on with the saime'velpcity, and in the same di- 
rection? 

A, Because the same force that impels it through 
any given space, in any given time, would make it 
go through as much more space in as much more 
time, &c. 

Q. Would a ball, if projected into the open air, 
continue to move in a straight line, and with the 
same velocity as was at first impressed upon it ? 

A. No ; for the resistance of the air would retard 
its progress, and the force of gravity would bring it 
down to the Earth. 

' Q. Whether do those planets that are near the 
Sun move quicker or slower in their orbits than 
those that are more remote from him ? 

A^ They movie quidcer ; all bodies moving with 
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greater velocity the nearer they are to the power 
that attracts them. 

Q. In what direction do the planets move round 
the Sun P 

A. They all move from west to ecat^ both in their 
circular and central motions. 

Q. How are the phinets retained in their orbits ? 

A. By the exact adjustment of the attractive 
power of the Sun, wUdi draws aU the pknets- to* 
wards him, and the projectile force of the jdasiet, 
which gives it a tendency to fly straight forward. 

Q. What is meant by the crbit of a planet ? 

A. The path which it describes m moving round 
the, Sun is called its orbit. • 

Q. In what sort of orbits do they move ? 

A. They all move in elliptical or oval orbits. 

Q. Hol7 Is the ellipsis produced? 

A. By the attractive power of the Sun overcome 
ing, in some measure, the projectile force of the pla- 
net, by which the planet is drawn nearer to the Sun 
in one part of its orbit than in another. 

Q. How comes it, then, that the power of at* 
traction, when once it has got the better of the 
projectile forc6, does not bring the phmets nearer in 
every revolution, till they at last faU upon' and unite 
with him ? 

A. As all bodies move with greater velocity the 
nearer they B!te to the power that attracts itean, so 
the planet, moving quicker in that part of its orbit 
which is nearer the Sun than in that ^faich is at a 
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greater distance^ gives it such a tendency to fly off 
as overcomes the Sun^s attraction. 

In what Time the Planets would fall to the Sun 
hy the Power of Gravity. 

Q. In what time would the different planets, by 
the force of gravity, fall to the Sun, if the projectile 
force were destroyed ? 
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OF MERCUBY. 

<2« What distance is Mercury from the Sun? 

A. Thirty-seven millions of mUes. 

Q. In what time does he move round the Sun ? 

A. In eighty-seven days twenty-three hours, which 
is his year. 

Q. In what time round his axis ? 

A. In twenty-four days six hours, which is his day. 

Q. What is Ms diamet^ ? 

A. Three thousand two hundred and twenty-four 
miles. 

Q. 4kt what sate does he move in Hs orbit ? 

A. At the rateof ninetyofivethousand miles anhour. 

Q. What ratio does the light and heat of Mer« 
cury bete to the l^t and heat of the EarthI . 
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A. The light and heat of Mercuiy are seyen times 
greater. 

Q. What has prevented Astronomers from mak- 
ing any important discoveries respecting this planet ? 

A, The dazzling splendour of his rays, the short- 
ness of the intervids during which observations can 
be made on his disc, and his nearness to the vapours 
of the horizon at the time of observation. 

Q. How long after sunset can this planet be seen ? 

A. From his near mcinity to the Sun, he cannot 
be seen later than the twilight, or two hours after 
sunset. 

Q. Who discovered the central motion of Mer- 
cury ? 

A. Schroeter, a German astronomer. 

Q. How did he ascertain it ? 

A. By examining the variations in the daily ap- 
pearance of Mercury^s horns. 

Q. Did he succeed in measuring -the height of 
any of the mountains ? , 

A. Yes ; and he found some of them* to be ten 
miles and three quarters in height. ' ;- 

Q. What is the appearance of Mercury ? - 

JL It is of a bright colour, with a light tint of 
blue. ... 

OF VENUS. . 

Q. Which is the second planet in die system ? 
A. Venus ; whose mean distance from the Sun is 
sixty-eight miUions of miles. 

Q. In what time does she revolve round liie Svm ? 
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A. In two hundred and twenty-four days seven- 
teen hours. 

Q. In what time round her axis ? 

A, In twenty^lbur days eig^t hours. - 

Q. What is her diameter ? 

A. Mght thousand three hundred and sixty miles. 

Q. What her rate,^ motion in'her orbit .^ 

A. Seventy-six thousand miles an hour. 

<2.- Whether isMieicuiy or Venus tarmed. the 
morniiiff and evming ed;ar ? 

A^ Iti»"VeiHMi, 

Q. Can she be both morning and evening star on 
the same 4iQr ? r m.. 

A, No ; she is each, in its tum, for two hundred 
and ninety days. 

Q. When the evemngstar^ whether is she on the 
east, or west side oixht Sun ? 

A. On the east side, for then she sets after the 
Sun. 

Q. Oii what side when the morning star 9 

A, On the west side, for die then rises before 
him. 

Q. Is Venus ever opposite to the Sun ? 

A, No ; nor is she ever more than ninety-six times 
the breadth of that luminary from his centre, her 
greatest dangation being about forty-seven degrees. 

Q. How loi^ does the Sun continue to shine, with- 
out settii^, at each of the poles of Venus ? 

A. For half-a^year in summer, and as long with- 
out lifidng in winier. 

a2 
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Q. What may be tbe propottion of light and heat 
on this planet ? 

A. It will be double that enjoyed by the Eatth. 

Q. How may Vemu be dktiiigmahed firom the 
other planets of the systett P 

A. From her superior brightness. Her lustre is 
so great that she ii often seen while the Sun is above 
the horizon. 

Q, What are Meccury and Venus denominated 
from their being within the orbit of the Earth ? 

A. They are called inferior planets, whSe those 
without the orbit of the earth are called sipperior. 

Q. Do the inferior planets change their phaees or 
aspects like the Moon ? 

A. Yes; they appear sometimes Aom^d, like the 
new Moon^ and sometimes gibbauSf and the 31u- 
mined part is always turned to the Sun. 

Q. Do the superior planets exhibit the same ap- 
pearances ? 

A. No ; they always appear with nearly a full 
faee^ with the exception of Mars, which sometimes 
appears gibbous. 

Exercises on the Text. 
What is that science called which explains the nature and mo. 
tions of the planets, comets, filed stars, &c ? What is that part 
of Astronomj tenned which contains tn account of tbe phenomena 
of tbe phinets, comets, &c ? That which contatu tbe tbeoty of the 
planetary motions ? 

Of the Sun. 
What is the Sun supposed to be ? What does Dr Hersdiet con- 
ceive the bright surface of the Sun to be ? What the da^c «pot9 «r 
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bis disc ? How many stnla of cioods does the Doctor think sur- 
round the Sibil? Which of these i^ supposed to serve as a curtain 
to protect the opaque body of the Sun from the brilliancy and heat 
of the luminous clouds ? Which is the region of that light and 
heat which are diffused from the centre to the remotest part of the 
system ? How many motions has the Sun ? How is it evident that 
he mores round bis axis 2 In what direction does he move ? In 
what time ? What is his diameter ? What his circumference ? In 
what direction is the Sun with the whole system moving ? What 
was the sise of some of the spots seen by Dr Herschel on the Sun's 
face? How may the q^ts on the Sun be imitated ^ 

Of the Planets. 

What is a moving star called ? What are those that move round 
the Sun called? What those that move round a primary ? How 
many secMidary planets are there ? How many has Saturn ? How 
many Jiqpiter ? How many primary planets belong to the system ? 
What are the names of the Asteroids ? Where situated ? Which 
is the highest planet in the system ? How many are within the or- 
bit of the Earth ? What other nsme has the Georgium Sidus ? 

0/tbe Motion qfa Planet, and iti Cause, 

What is that motion called in which bodies move in a straight 
line ? How are bodies drawn from the rectilineal into the curvi- 
lineal motion ? Why would not a ball, if projected into the open 
air, continue to move in a straight line, and with the same velocity 
as was at irtt impressed upon it? Why do those planets thai are 
near the Sun move quicker in their orbits than those that are more 
remote from him ? Which of them moves quickest in his orbit ? 
Which slowest ? lu what direction do they move round the Sun ? 
What is meant by the orbit of a planet ? What effect has the aU 
tractive power of the Sun ? .What does the projectile fi>rce of a 
planet give it a tendency to ? In what sort of orbits do the planets 
move ? Do they move uniformly with the same motion throughout 
their circuit or orbit ? How is the ellipsis in the planet's orbit pro- 
duced ? In what part of a planet*s orbit does it move slowest ? 
In whatdoeaUmMoquickfllt? . . 
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How far is Mercury fron the Sun ? "Wemt is the littgtfa of his 
year P'Whfit his day? What his diameter? "What propordon of 
light and heat does that planet enjoy? How long after sunset can 
it be seen ? What is tiie a)ppear4nce of Mercury ?' How high did 
^hroeter find some of the mountHhm df ifiis plaoet ?* Whan B^ this 
planet said to be direct ? Where tlfen situale ? When tfeOvgrade ? 
Where, when stationary ? What is the second planet In die sys- 
tem ? How far is it from the Sun ? What is its diameter ? Which 
of the planets Is the morning and evening star ?' When the evening 
Star, whether is she on the east or #est side of ^h^ Suit ? Vt&fr ' 
long is she each in its turn ? What is the proportien of light and • 
heat on Venus ? How niay she be distinguished from the other 
planets of the system? What is lier greatest elongation ffom the 
Sun ? At what rate does she move in her orbit ? What is the length 
of her year ? Does she change her phases as the M6011 does ? 
When. these planets are direct^ whether tfe they beydtfdttlie J9bii 
or on this side of it ? Where, when stationary ? ' > - ■ 

' OF THE EARTir. 

Q. Which is the planet next in the system ? 

A. The Earth, whose mean distance ftoAx the 
Sun is ninety-five millions of miles. [ 

Q, In what time does it revolve round the Sun i 

A. In nearly three hundred and cuty-^ve'da^ 
six hours, which is called its annnal or ye&il^ mo- 
tion. 

Q. What is produced by this revolution ? 

A. The change of «6a«ofi«. . 

Q. In what time does it move round its axis ? 

A* In twenty-four hours, which is called its diur^ 
nal or daily motion. 

Q. What is the cmMoagiat of this motion i 




A. The iBuceeauoii iE>f -dajTaifd ni|^t, und th^ ap^ 
parent ttitiAofo^ of^aD the heavenly bodies moving 
from east to west. ' 

Q. To what caus^,is the vnii^y in tho^lei^gtb of 
th^ dap;|i9d iiig|b(|a iisfii^^ , . . . -^ 

Am. To^he axisr «£ ^e^Eafth maldng an aiig^e of 
nearly tw^ty-three and a half degrees with the j»^nc 
of it^ orbit; and^of its keepij^g |dw;ays the same oUigtie 
dii^i^QQ, iaclimpf |tf th^ same-fiited stac thtonghput 
it« annual course *'''.. 

<2»' What woiddbethe consequence if the axis 
of the Earth were at nght angles ifith the plane of 
itsor^ii^?,,, , .;/ 

A. Thare w^uld bei no variety of day sj but the 
Sun woidd rise and set at the sAme hour dtall times 
in the .year. 

Q, What is the mean diameter of the Earth ? 

A. Seven thousand ninehundred and twelve miles. 

Q. Wliat its mean drcupoference ? 

A. Twenty-^four thousand eight hundred and fifty- 
six miles. 
. (2- Whlit 18 llie rate of motion in its orbit ? 

A, Sixty-eight thjousand miles an hour. 

* • • • 

Of the Roundness of the Earthy and of its being 
nearer the Sun in Winter than in Summer. 

, Q. How has it been proved that the Earth is 
round? 

A. 1. By an eclipse of the Moon ; the shadow 
of the Earth falling upon the Moon during an ecfipse 
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is always round. 2. By nwdgatwa sailkig roand 
il;, andl^ the appearance of objects at a distance, as 
we approach to, or recede from them. 

Q. How is this particularly so of ships at sea ? 

A. When sailing from land, the first thing lost 
sight of is the hully next the riggings and lastly the 

Q. What is the effect when sailing towards the land? 

A. The first thing seen is the topmast, next the 
rigging, and last of ^11 the hull ; which phenomena 
roust arise from the convewity of the waters of the 
ocean ?. 

Q. Is the earth ex&ctly globular or spherical f 

A. It is not quite round, but is a Httle flattened 
at the Poles, rendering the polar diameter shorter 
than the equatorial one by twenty-five miles. 

Q. What is the difl^rence betwixt the equatorial 
and polar circumference f 

A. Ahout forty miles* 

Q. Whether is the Earth nearer to. the Sun in 
summer or in winter ? 

A. It is nearer to the Sun by dgfat and a half de- 
grees in winter than in summer. 

Q. How comes it, then, that the Earth is so much 
warmer in summer than in winter, notwithstanding 
we are farther from the Sun f 

A, In sumn^r, the rays of the Sunlall more|7er- 
pendicularly on the Earth^s surface, and there&re 
come with greater force and in greater numbers- on 
the same place. , . - 
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Q. What 18 tlie diftrence in winter ? 

A. In winter, die rays of the Sun have to come 
through a mudi colder r^on, and fall more obliquely 
on the BuifiKe of the Eafth. . 

Q. Is there any odier cauee besides those ? 

J. Yes ; the day being so much longer in sum- 
mer than in winter, a greater pfoportion of rays 
comes on through tibe day than can go off through 
the night ; which, with the additional heat daily im- 
parted, makes it increase even after tibe soUtice or 
longest day. 

Q. Is it from the same cause tibat we find July 
hottet than Jiine^ and the day hotter at two o'deck 
in the afternoon than at mid^day f 

A» Yes ; it is from the same cause. 

OF TBS G&SAT CIBCLES. 

Q. What is a ehreat Circle P 

A. One that dirides the globe into two equal parts. 

Q. How many Great CSrdes are there? 

A. Six ;^the Equator, the Br assert Meridian^ the 
Horizon^ the EcUpRcy and the two Cobires^ 

Q. How does the Equator divide the globe ? 

An Into nor^Aera and sot^^Aern hemiqiheres. 

Q. How does the Meridian ? 

A. Into eastern and if7es^em hemispheres. 

Q. How the Horison ? 

A. Into upper and lower hemiipheres, or into 
sensible and rational Horiions. 

ilWbatiMiheSmmbieHimxoitf 
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A. That line .which termiiuites the view. 

Q. MHuit is the Rational Horizon f 

A. That which applies to the rising and settiiig 
of the Sun, Moon, and Sters, and is represented on 
the artificial globe by the Wooden Horizon. 
, ' Q. How does the Ediptid ciit the globe P - 

A. ObUquelg ; the MiquUy of wliidi ^is nearly 
twenty-three and a half d^rees. 

Q. Why is it called the Ecliptic ? 

A. Because in it all Ed^ses, both MNtor and h^ 
nar, take place. 

Q. WhatistheZadioer 

u4. It is an imaginary broadctrcfe or belt sur- 
rounding the heavens, extending about dgfat degrees 
on each side of the Ecliptic, and m which circle the 
planets constantly revolve ; so that no planet is ever 
seen more than eight degrees either north or south, 
-»that is, above or below the Ecliptic' 

Q. What are thcf niunes of die twelve signs in the 
Zodiac, and the time of the Sun^s entrance into 
them ? ' : : 

A. I. Aries cy^, or the Xam, 'March 90; II. Tau- 
rus Hi the Bully AjfrU 20; III. QemM u, the 
Twins, May 21 ; IV* Cancer q9, ihe Crab', Jlinte 
22 ; V. Leo SI, the Lion, July 23 ; VI. Vilrgo IT)?, 
the Fii^n,' August 23; VII. libra ^,'^e Ba^ 
lance, September 23; VIII. Scorpio nt, the Scor^ 
pion, October 24 ; IX. Sagittarius / , the Archer, 
November 23 ; X. Capricomus li , the Ooat, De- 
cember 22 ; XI. Aquarius $8$, the WaterJ>earer, 
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January 20; XII. Pisces K^ the jPi^Aj^^/ Febru- 
ary 19. 

Q. How many of these are called northern signs ? 

A. The first six ; and the last six are called atnith'^ 
^rn s^s. . ........... 

Q. Which ate the ascending signs ? 

A' Capricomus, AqitarivSy Pisces, Aries, Tai^ 
rus, Gemini ; because the Sun, in passing through 
these signs, approaches the North Pole. 

Q, Which are the descending signs ? 

A, Cancer J Leo, Virgo, Libra, Scorpio, SagH-^ 
tarius ; because the- Sun, in pafifiang through these 
signs, recedes from our Pole. 

Q. What are the points of the Ediptic that in- 
tersect or cross die Equator ? . .. 
. A. Aries and Libra, 

Q. What are the names of the Colvres f 

A. They are d^Boininated Equinoctial and SoU 
stiHal, because they cut the globe in these points. 

OF THE SMALL CIRCLES* 

Q. What are Small Circles f 

A, Those that do not cut the globe into equal 
parts ; or they axe those circles which divide the Eaicth 
into zones. . 

Q. How many are there ? 

A. Four; the Two 7Vopii» and the Tfoo Po2ar 
Circles, / ' \ ' 

• Q. What are the names of the Tropics F 

A: Cancer mA Capricorn. 
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<2. Why are they 80 called? 

A. Because they touch the Ecliptic at the begin- 
ning of these signs. 

Q. Where are they situated ? 

J. They aie parallel to the Equator, and nearly 
twenty-three and a halfdegrees distant from it; Can- 
cer being the fwrthern Tn^ic, and Capricorn the 
mnMern. 

Q, How far are the Polar Circles from the Poles ? 

A. The Arc^ is nearly twenty-three and a half 
degrees from the North Pole, and the Antaretic the 
same distance frmn the South Pole. 

OF LATITUDE. 

Q. What IB Terrestrial Latitude f 

A. The distance of any place north or south from 
the Equator. 

. Q. Where does it b^in and eai ? 
. A* It begins at the Equatof, and ends at the Poles, 

Q. Where is Celestial Latitude reckoned from ? 

A. It begins at the EeUpHc, and ends at the 
Arctic and Antarctic Circles. 

<2. How much latitude can any place have ? 

A. Not more than ninety degrees; that being the 
distance betwixt the Equator and the Poles. 

Q. On which of the circles is it reckoned ? 

A» On the Brazen Meridian, 

Q. How is the Meridian divided ? 

A. Into four quadra/nts at quarters, each con- 
taining ninety degrees; tii^o of which begin to.be 
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numbered at the Equator, and increase towards the 
Pdes, to show the north and south latitudes^ and the 
Sun^s declination on the terrestrial ^Idbe^ and the 
decUnation of the Sun and Stars on the cdestidl* 

Q. Where do the other two quadrants begin to be 
numbered ? 

A. At the Pedes, and increase towards the equator, 
showing how to eleeate or depress eidier df the Poles 
to the httitude of any particukr phtce. 

Q. Wliat are those ffieHeNai»eaUed that are drawn 
through every fifteenth degree of the Equator ? 

A* Jlour circles ; fifteen dlegrees on the Equator 
being equal to an hour. 

Q. What are those that stand at every tenth de- 
gree on the terrestrial globe caQed i 

A. Circles 6l terrestrial langiiude. 

Q. Wliat is the Earth's circamfer^ice P 

A. Three huiuhred and sixty degrees. 

Q. What is a degree? 

A. The three hundred and sixtieth part of a circle. 

OF LONGITUDE. 

Q. What is Longitude f 

A. The distance of anyplace east or west firom the 
first meridian. 

Q, How many degrees of longitude can any place 
have? 

A, No place tan have more than one hundred and 
agbly d^rees. 

Q. On which of the circles is it reckoned ? 
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A. On the Equator. 
' Q. At what place does the reckoning commence ? 

A. At the^r^^ meridian^ which is arbUraryy di£. 
fer^t Geographers taking it from different places, as 
it may best suit their own purposes ; but wherever 
it begins, there is Ae^rst meridian. 
' Q. Wliere do the British take it from ? 

A. From the Royal Observatory at Greenwich, 
about four miles east from London. 

Q. Is longitude reckoned both east and west ? 

A, . Upon the terrestrial globe it is ; but upon the 
celestial it is reckoned right round from Arias east- 
ward. 

. . OF THE EQUINOXES AND SOLSTICES. 

Q. What is the meaning of Equinox ? 

A. It signifies equal day and night. 

Q. How many are there ? 

A» Two;, the Vernal, which takes place on the 
22d of March, and the Autumnal^ on the 23d of Sep- 
tember. ' 

Q. At what time does the Sun rise and set at the 
Eqmnoxes ? 

A. At six all over the globe ; and the days and 
nights are of equal length. 

Q. Is the globe enlightened from Pole to Pole at 
the Equinoxes ? 

A. Yes ; because the sun is exactly in the middle 
of the globe. 

Q. What signs does the Sun enter at the Equi- 
noxes? 
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A. Aries at the Vernal, and Libra at the Autum- 
nal Equinox. 
' Q. What are the Solstices f 

A. The longest and shortest day. 

Q. When is the Summer SokHce f 

A. On the 22d June. ^ 

Q. What sign does the Sun enter then^ and what 
is his declination ? 

A, He enters Cancer j and his declination is nearly 
twenty-three and a half degrees Twrth. 

' Q. What is dedination ? 

A. The Sun^s distance from the Equator. 

Q. When is the Winter Solstice f 

A. On the 22d December, when the Sun enters 
Capric&rn, and has then his greatest southern de- 
clination. 

Q. When it is the longest day in the northern 
hemisphere, is it the same in the southern f 

A, No ; it is then the shortest day to the inhabit* 
ants of the southern hemisphere. 

Q. When have they their longest day ? 

A. When we have our shortest. 

Q. To what cause is it that for some time before 
and after the solstice we perceive no sensible di^r- 
ence in the length of the days ? 

A. Because at that place the Ecliptic is almost 
parallel to the Equator. 

Q. Why is the lengthening and shortening of the 
day so perceptible at the Equinoxes ? 

A* Because at that place the Ecliptic is the most 
Mique. ^ 
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Of the Length of the Days at the Equator and 

ihe Poles. 

Q. What is the lenglii of the day at the Equator ? 

A. Ttvelve^haurs horn sunrise to sunset. 

Q. Is there any variety of days at the Equator ? 

J. No; the sun rises and sets at six o^clock 
throughout the year. 

Q. Do the days increase in length towards thePole ? 

A. Yes ; they do. 

Q. What is the length of the day at the Poles ? 

A. Sim months. 

Q. Is the opposite Pole, during that time, invoWed 
in dinkness ? 

. A. No; £[>r during their night the JfitMm, in every 
revolution round the globe, shines for fowrteen of 
our days without setting, and as she makes fiilly Aob 
revolutions in these six mondis, they must have six 
mondbs^ partial moonlight. 

<2. In what quarter of the Moon does she begin 
to shine without setting ? 

A. At the beginning of the seeondj and she con- 
tinues to shine till the end of the third. 

Q. Has die Pole any odier light besides that of 
the Moon ? 

A. It is twUight ^bere^ as well as at all other places 
of the globe, till the Sun is eighteen degrees under 
the horizon. 

Q. When does the day begin at the Pdes ? 
. A. It begins at the North Pole when the Sun 
crosses the Equator at the Vernal Equinowy and con* 
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tinues to shine without setting till the Autunrntd 
f^t^incKT, when theday commences at the South Pole^ 
where he continues to shine without setting till the 
Vernal EquifUMP. 

OF THE ZONES. 

Q. What are Zones ? 

A* Certain qpaces that eneompaaa the £arth like 
M bdt or girdle^ and axe separated fiom eadi odier by 
the Tropics and Polar Circles. 

Q. How many are there ? 

A. There are five ; via. the Tcrric^ which includes 
allthat spacebetween die Tropics. The two Tem^ 
per ate, including the space between the Tropic* 
and Polar Circles ; and the two Frigid^ including 
the space lyixig within the Polar Circles. 

Q. Is the ^un erer out of the Torrid Zone ? 

A. Na. 

Q. How often is he vertical to every part of it ? 

A. Twice in the year^ with the exception of the 
Tropics 9 Yrbate he can only be oMce. 

Q. How is the Bun situated with regard to those 
to whom he is verticid? 

A* Directly over thdr head^ or in aldirection per<« 
pedicular to the hociaon. 

Q. What is diatpomt of the heavens called which 
is directly over-head ? 

A. The Zenith ; and the opposite point is called 
theiVMir. 
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SX£RCISES. 

Of the Earth. 

What distance U the Earth from the Sun ? How many motions 
has the Earth ? By what is the change of seasons occasioned ? By 
what the change of day and night ? Whether is it the annual or 
diurnal revolution that causes the apparent motion of the heavenly 
bodies from east to west ? What is the consequence of the axis of 
the Earth's making an angle of twenty>three and a half degrees 
with the plane of its orbit ? What is its diameter ? What its rate 
of motion in ito orbit P Wfaal it the length of its year ? "What of its 
day ? What is the 6gure of the Earth ? What proof have yon that 
it is round ? What part of a vessel do you first get sight of when 
sailing towards you ? What part do you first lose sight of when 
sailing from you ? Is the Earth quite round P What is the differ- 
ence in the length of the equatorial and polar diameter ?. Whether 
is the polar or equatorial circumference greatest ? What is the dif- 
ference ? Is the Earth nearer the Sun in summer or winter ? Why 
is the Earth colder in winter than summer, and hotter in summer 
than winter ? Why is it hotter at two in the afternoon than at mid- 
day ? What is a circle thatcuts the globeinto two equal parts called ? 
How many large circles are there ? How many small ? What Is a 
small circle ? What circle divides the globe into northern and 
southern hemispheres ? What into eastern and western ? What 
obliquely ? What into upper and lower hemispheres ? What is that 
line which terminates the view called ? What is that line which ap. 
plies to the rising and setting of the Sun, Moon, and Stars called ? 
What is the name of that circle in which all eclipses talce place ? 
What is the name of that imaginary broad circle or belt surrounding 
the heavens, and extending about eight degrees on each side of the 
Ecliptic? What arethe six northern signs of the Ecliptic? What is 
the obliquity of the ecliptic ? What are these two great circles call- 
ed that cut the globe through the equinoctial and solstitial points ? 
What are the ascending signs ? Why are Cancer, Leo, Virgo, Li- 
bra, Scorpio, and Sagittarius called descending signs ? How many 
Tropics are there ? How far are they from the Equator ? Wby are 
they called Cancer and Capricorn ? How far are the Polar Circles 
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from the Poles ? Wbicfaisthe Arctic Circle ? What is the distance 
of any place north or south of the Equator called? Where does la* 
titude end ? Where does it begin ? Upon which of the circles is it 
reckoned ? Ht>w many degrees of latitude can any phure have ? 
liito bow many parts is the meridian divided ? Is odlestial latitude 
reckoned from the same point ? Where doea it end ? How many 
degrees are round the globe ? What is a degree ? Whatis loiigitude ? 
On what is it reckoned ? Where does the reckoning commence ? 
How much longitude can any place have ? Upon ^Hiieh of the 
globes is longitude reckoned right round ? Where is it reckoned 
from in the celestial globe ? Where from on the terrestrial ? How 
many Equinoxes are there ? What tbeir names? When is the ver- 
nal ? When the autumnal ? What circle does the Sun then cross ? 
When is the Earth enlightened from pole to pole ? What are the 
longest and shortest days called ? When is the summer solstice F 
When the winter ? At what circles is the Sun then ? What is the 
Sun*s declination at the solstices ? When has the Sun no declina. * 
tion ? What time of the year is it that the days continue for some 
thne nearly of the same length ? When is it that the difference in 
the rising and setting of the Sun is most sensible ? Why is it so sen^ 
sible at that time ? What is the length of the day at the Equinoxes ? 
At what hour does the Sun rise and set then f What is the length 
of the day at the Poles ? Has the Pole that has night no light dur- 
ing these six months ? How long does the Moon shine at that Pole 
in every revolution without setting ? Have the inhabitants at the 
Poles any twilight ? When does day commence at the North Pole ? 
When is it mid-day there ? When does day begin at the South Pole ? 
When is it over ? How many Zones are there ? What are their 
names ? What is the name of that between the Tropics ? That be« 
twixt the Tropic of Cancer and the Arctic Circle ? That betwixt the 
Tropic of Capricorn and the Antarctic Circle ? That which lies with* 
in the Arctic Circle ? Cs the Sun ever vertical in the Temperate 
Zones ? What is the Zenith of any place ? What is the Nadir ? 

OF THE MOON. 

Q. How many Satellites or Mixms has the Earth ? 
A, One. 
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Q. What 18 the Moon ? 

A. It is a solid opaque body like the Earth. 

Q. Kow many nrotbiis has the Moon ? 

A. Three ; one Tocmd the Eaxth^ one louttd its 
own axis, and one round the Sun with the "EjaxAu 

Q, In what direction does she move round the 
Earth, and in what time ? 

A. She veyoIreB round the Earth, ftom west to 
east, in twenty-nine days twelre hours and forty- 
four minutes ; which is called a aynodical month. 
That is the time the Moon takes to roYoIve &om 
one conjunction with the Sun to the next. 
' Q. What is the length of a periodical month ? 

A. Twenty-seven days sev^n hours and forty- 
three minutes ; the time Ae Moon would take to 
revolve round the Earth, conridering the Eiirth as 
stationary. 

Q. How much does the Earth advance in its or- 
bit while the Moon is moving round it ? 

A. About twenty-nine degrees six minutes and 
twenty-five seconds. 

Q. In what time does the Moon pass over that 
space ? 

A. In two days five hours and one minute ; which 
time, added to the periodical month, makes twenty- 
nine days twelve hours and foity-four minutes. 

Q. In what time does the Moon move round her 
axis P 

A. In a aynodical month, or in the same time 
that she revolves round the Earth; by which 
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means tlie same side of her is abraf s luniecl to the 
ISartk. 

Q. What is hermeaacliBtaiioa^feon -die Earth? 

A. Tiro hcmdred and forty ^dieiiaaiid miles fiom 
its cenboe* 

e. Wktt is her diameter ? 

A. Two thousand one hundred and ei^rty miles* 

> C^ At .what rate doea she more in her orlHt ? 

A. At* mean rate, thirteen and a half degrees in 
twmit]fv.foiir hours. 

Q. Wliat are tiie diiferent fkoies or aspects of 
the Moon tenned P 

A. When a small part of the enlightened ude is 
secayitissaid to be crested or homed ; when the 
one^half is yiaible, it is in quadrature ; and when a 
thiod-spart is visiMe, it is said to be gibbous, 

Q. In what d]recti<m are the horns after the 
change, and after the ftill Moon ? 

A. Immediatdj after the change, they are turned 
to the east ; and after the ftdl, to the west. 

OF ECLIPSES. 

Q. By what is an ec2tp«^ of the JIfooift occanoned? 

A. By the Earth^s coming between the Sun and 
the Moon, which can only take place about fuU 
Moon^ when she is said to be in opposition to the 

Q. Whether is the Moon without the orbit of the 
Earth, or wiliiin it at the full? 
A. She is without. 

3 
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Q. By what is an eclipse of the Sim occasioiied ? 

A. By the Moon^s coming between the Earth and 
the' Smi', which can only happen at new Moody when 
ahe is said to be in cotyuncHon with the Sun. . 

Q. Why is there not an eclipse of the Moon every 
full Moon, and of the Sun every -new MooiiP 

A. Because the Moon^s orbit is not coincident 
with deplane of the ecliptic, but one-half is cievated 
five and one-third degrees above^ and the other as 
much depressed below it. 

Q. When then can an eclipse take place ? 

A. When the Sun, Moon, and Earth are all in a 
straight line^ called the line of the nodes, 

Q. On which side of the Moon does an eqiipse 
begin? 

A, It always begins on her eastern side^ and goes 
off on the western, her course being from weat to 
east. 

OF THE HARVEST MO0X« 

Q. What is the difference of time in the Moon'^s 
rising every night ? 

A. Generally sAyovit ffty minutes later. 

Q. Why would the Moon, if she moved in the 
plane of the Equator, rise exactly fifty minutea later 
every night ? 

A. Because the Equator makes equal angles with 
the horizon at all times of the day, and at every sea- 
son of the year ; so that equal portions of it always 
rise and set in equal times. 
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' Q. Do' die -different parts of the ecliptic make the 
same angles with the horizon when they rise and set ? 

A. No; those parts or signs that rise with. the 
smallest angles set with the greatest, and those that 
rise widi the greatest set with the smallest. 

a When does the Moon rise and set with the least 
difference of time ? 

A, When she is in those signs that rise and set 
with the smallest angles. 

Q. When does she rise and set with the greatest 
difference of time? 

' A* When she is in those signs that rise and set 
with the greatest angles. 

' Q» What is the difference of her rising when she 
is in the 23^ of the sign Leo f 
: A. It is SQ great that thirteen degrees of her orbit, 
whidi she describes in a day, rise above the horizon 
in the space of one hour and seventeen minutes ; and, 
therefore, at that time, the Moon rises one hour 
seventeen minutes later on the following evening. 

Q. What is the effect of the obliquity of her orbit 
to the horizon when die is in the beginning of Afies f 
'A, It is so sensible that thirteen degrees rise in the 
short space of seventeen minutes ; so that the Moon, 
at that time, seems to rise for several successive nights 
nearly at the same hour. 

0,. As the Moon is in the beginning of Aries every 
month, how does she not appear to rise for several 
nights every month nearly at the same hour ? 

A. Because ishe is not full when this takes place. 
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except in im harv^t ntoMhSj 'and CdBSO^pieiitijr the 
l>A«nom6ium passes unotMerved. 

Q. How many /m// Moons are there in ^ ^^^ear 
that H«ff for neatly a treeA at lOiDOst the tome A^r? 

A. There can be oi^ two; the first of whidi is 
called the Hanmiy and th6 second the Bun^^s 
Moon, 

Q. In what signals the Sim wbeMi we hapre these 
Moons? 

A. In Virgo and Libra. 

Q. In what signs is the Moon then ? 

A, As the Moon, when full) is ahrays«opposile the 
Sun, she must then be in the figjamPiaocH and Ariaa. 

Q. Has the Moon any light bedides that imme- 
diately derived from the Sun ? 

A. Our Earth serves her as a Moon, and W€kces 
and waneo regahnrly, but appears thirteen times as 
big, and affinds her thnrteen times as ttiudi light as 
she does to us. 

Q. How does the Earth appear to the Maon-'when 
she changes to us? 

A. It then appears fiill to the inhabitants of tl» 
Moon, because it is then, with f^pffd to the Moon, 
exactly in the same situation that the Moon, when 
fttQ, is to the Earth. 

Q. What is that situation ? 

A. The whole enlightened side of die Easfcth is 
turned to the dark side of the Mom, in the -^bame 
manner that the Moon, when fbll, shines upQar^the 
pole of the Earth, which is dien in daiknes&. 
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Q. Wkat femiurkaUe apfieanuace is observable of 
the Moon, in dear weatbe's a few days after the 
^ifmge? 

A. That portion of her disc which is not enlight* 
emd, by the Son U^fakUhf iUwmn^ted by the solar 
light which is reflected from the £arth« . 

Q. Howdothehomsof theenlightened part appear ? 

A^ They appear to project beyond the Old Moon, 
as they were part of a sphere^ considerably larjper in 
diameter than the unen^ghtened part, 

Q. How long may this appearance continue ? 

M That depends on the state of the weather ; if 
it be dear, it may be seen for four or five days* 

OF THE MOTIONS OF THE PLANETS. 

Direct^ StationQ,ry, and Retrograde. 

Q, When is a planet said to be direct f 

A* When moving frcHn west to east, 

Q. Where is it then situated ? 

A. Beyond the Sun, or farthest from the Earth. 

Q, When is a planet said to be retrograde? 

A. When it moves from the east to the west ; as 
it is then said to be going backwards 

Q. Where is it then situated? 

A. Between the Sun and the Earth, or nearest us. 

Q. When is it said to be stationary ? 

A* When moving from the direct to the retrograde, 
or from die retrograde to the direct ; because, if then 
observed in a line with any particular star, it will 
continue so for a cfmsiderable time. 
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Inferior and Superior Conjundions of the^ 

Planets. 

Q. When is a planet said to be in its inferior con- 
junction f 

A. When nearest to us, — that is, in a line between 
us and the Sun. 

Q. When is it in its superior conjunction ? 

A. When farthest from us, and the Sun is be- 
tween us and the planet. 

Q. When is a superior planet said to be in con- 
junction f 

A When the Sun is between the Earth and the 
planet. ^ 

Q. When in opposition ? 

A. When the Earth is between the Sua «nd the 
planet,— -that is, when the planet is nearest to us. 

Q. In which of these positions is it that the pla^ 
net rises and sets nearly with the Sun ? 

A. When in conjunction. 

Q. What takes place when in opposition ? , 

A. The planet rises nearly when the Sun sets^inA 
sets when he rises. 

Q. You say nearly ; are they not exactly so ? 

A. It can only be exactly when the Sun, Earth, 
and planet are in a right line. 

OF MABS. 

Q. What is thfe next planet in the system P 
A. Mars; whose distance firom the Sun is one 
hundred and forty-four millions of miles. 
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Q. . In what time does he revolve round the Sun ? 
A, In one year three hundred and twenty-one 
days sixteen hours. 

Q. In what time round his axis ? 
A. In one day forty minutes. 

Q. What is his diameter ? ■ ■ 

. . - • . . - » •- 

A. Four thousand one hundred and eighty-nine 
miles. 

Q. What the rate of motion in his orbit ? 
* i<. Fifty three thousand miles an hour; 

Q. For what is Mars remarkable i - ' 

A. ¥oT the redness of his colour f the brightness 
of his polar regions^ and the great number and va- 
riety of spots that mark his sur&oe. 

Q. What is supposed to be the cause of the sin- 
gular redness of this planet ? 

A. It is thought to be occasioned by the density 
of his atmosphere ; because when a beam of light 
passea through any dense medium ^ its colour ap- 
proaches to red in proportion to the density of the 
medium and the space through which it has passed. 

Q. Do the other heavenly bodies have that ap- 
pearance P 

A. The Sun^ Moon^ and Stars appear of the same 
colour when near the horizon, and every luminous 
object seen through a mist is oi a ruddy hue. 

Q. Does this planet ever change his appearance 
like Mercury and Venus ? 

A. He sometimes appears gibbous, but never 
horned. 

b2 
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0^ THE A9TBBCIDS, OB tOVB KXClimLT 
DISCOVERED PLANE1*S.* 

OF VESTA. 

Q. What is the mean distance of Vesta froxh the 
Sun? 

A. Two hundred and twenty-five millions of 
miles. 

* Of the Origin of the Asteroids. 
*< The existence of four pltaett (Testa, ClBres, PaOte, and Ja- 
no) between the orblli of Mars «nd Jttpiter, rairalTiaig^^ rotnd the 
Sun at nearly the same distances, and differing from i^ Ibe otter 
planets in their diminutive size, and in the fonn and position of 
their orbits, is one of the most singular phenomena in the historj 
of Astronomy. The incompatibility of these phenomena with the 
regularity of the planetary distances, and with the general haimony 
of the system, naturally suggests the opinion, that the irregularities 
in this part of the system were produced by some great convulsion ; 
and that the four planets are fragments of a large celestial body 
which once existed betwixt^Mars and Jupiter. If we suppose the 
bodies to be independent planets, as they must be, if ibey did not 
originally form one^ their diminutive size, the great eccentricity 
and inclination of their orbits, and their numerous intersections, 
when projected on the plane of the ecliptic, are phenomena abso- 
lutely inexplicable on every principle of science, and cdmpletel|^ 
subversive of that harmony and order which, before the disc overy 
of these bodies, pervaded the planetary system : but if we admit 
the hypothesis, that these planets are the remains of a larger body, 
which circulated round the Sun in nearly the orbit of the greatest 
fragment, the system resumes its order, and we discover a regular 
progression in the distances of the planets, and a general order and 
harmony in the form and position of their orbits. The dements 
of the new planets furnish us with several direct arguments, drawn 
from the eccentricity and inclination of their orbits, and from the 
position of their perihelion and nodes, and all concurring to show 
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Q« In what time does she pezfenn her revolution 
round the Stin ? 

A. In three years two months and six days. 

Q. What is the diameter ? 

A. Two hundred and thirty-eight miles. 

Q. Can this phmet be seen by the naked eye ? 

A* Yes, and its light is more piercing^ pute^ and 
white than any of the other three, and is very similar 
in appearance to the Georgium Sidu8» 

Q. By whom was it discovered? 

A. By Dr Olbers, a pbyskdan (£ Bremen in 
Germai^, in 1807. 



that the four new planets have diverged from one point of space, 
and have therefore been originally combined in a larger body. 
When the planet is burst in pieces by some internal force, capable 
of oyercamiag the mutual attraction of the fraglnents, it is obvi- 
oua that the laiger fragment will receive the least impetus firom the 
explosive force, and will therefore circulate in an orbit, deviating 
less than any other of the fragments from the original path of the 
large planet ; wliOe the lesser fragments, being thrown off with 
goeater velocity, will revolve in orbits more eceenttk and more in- 
clloed to the ecliptic Now the eccentricity of Ceres and Vesta is 
nearly one and a half of their mean distance ; the eccentricity of 
Pallas being a little greater than that of Juno. We shonld there- 
fore expect from the theory, that Pallas and Juno would be consi- 
derably smaller than Ceres and Vesta, and that Ceres should be 
the larger fragment^ and should have an orbit more aaalogeos, in 
eccentricity and inclination, than that of any of the smaller frag- 
n^entSy to the other planets of the system. In so far as the diame- 
ters of the new planets have been measured, the the<M7 Js most 
stijkiogly confin&ed by obsenBtioii*'*«wj9mrj!t^V EnqfcloptedHa. 
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OF CEBES. 

Q. What 18 the mean distance of Oens frbm the 
Sun? 

A. Nearly two hundsed and sixty iB]l]i6ns of 
miles. ' ' .- 

Q. In what time doesiit revolve round the<Suit? 

A. In four years seven months and ten days.' 

Q. What is the diameter of Ceres ? 

A, Sixteen hundred and twenty-four miles.* 

Q. Of what colour istit.^^ 

A. It is of a ruddy colour, 

Q. By whom was this planet discovered ? 

A* By Piaz2d, at Palermo in Sicily, on the 1st 
January, 1801. 

OF PALLAS. 

Q. What is the mean distance of Pallas from the 
Sun ? 

A* Two hundred and sixty-six millions of miles. 
Q. In what time does it revolve round the Sun ? 
A. In four years seven months and twenty-one 
days. 

Q. What is the diameter of Pallas ? 

A* Two thousand and ninety-nine miles.-f- 



* This is agreeable to Scbroeter*s measurement; Dr Herschel 
makes it but one hundred and ihirty.six. 
i* Dr Herschel makes it eighty miles. . 



Q. What is the cdour of Pallas ? 

A. It is of a less ruddy eohmr than Ceres* 

Q. What is there peculiar in the orbits of Ceres 
and Pallas ? 

A. They mutualfyiniers^ eadi other. 

Q. By whom was Pallas discovered ? 

A. By Dr Olbe^s of Bremen, S8th March, 
1802. 

/ • 

OF JUNO. 

Q. What is the mean distance of Jiino ftom the 

Siin ? 
A. Two hundred and fifty-three millions of miles. 

Q. In what time .does Juno perform her revolu- 
tion round the Sun ? 

A. In four years four months and nine days* 

Q. What is its diameter ? 

A. Fourteen hundred and sixty miles. . . « 

Q. For what is Juno particularly distinguished 
from all the other planets in the system ? 

A, For the great ecceniriciti/ of its orbit, the 

effect of which is so sensiblCf that it passes over that 

half of its orbit which is nearest the Sun, in half the 

time it takes to describe the other half, whidi is 

farther from him. 

Q. From what cause is its greatest distance from 
the Sun double the least distance ? 

A. From the same cause, — ^namely, the great eccen- 
tricitp oi£ its Gtbit. 

Q. By whom was this planet discovered ? 
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A. By Mr Hafding of Iffienthal, near fteffien, 
on the eremng of the Ist September^ 1804. 

XXSECI8S8. 

Cff the Moon. 

What is the Hcnm Hqw mvxy motions has she ? In what 
diieetion does she more round the Earth ? In what time ? What 
is a synodical month ? What is the length of a periodical month ? 
In what time does the Moon move from one conjunction of the Sun 
to the next? In what time does she rerolre round her axis? 
What is her distance from the earth ? When is she said to be in 
quadrature? When giMxms^ At what rate does sHe move in 
her orbit ? When is the Sun liable to be eclipsed ? When tbe 
Moon f When is the Moon said to be in opposition to ^e $un ? 
When in conjunction ? How much is the orbit of the Moon ele- 
Tated above the ecliptic ? When can an ecfipse of the Moon take 
place ? Does the Moon rise at the same hour ewerj night ? lEIow 
much later ia it ereiy night f "Do equal portions of tiie Equator 
always rise and set in equal times f How do tiiose parts of the 
ecliptic set that rise with the smallest angles P How do those that 
rise with the greatest ? When does she rise and set with the great, 
est difference of time ? What is the difference of her rising^when 
she is in the SSd of the sign Leo P When does the Moon seem to 
rise for several successiTe nights at nearly the same hour ? Why- 
does not this take place every month ? How many full momis 
are there in the year in which the Moon will seem to rise for near, 
ly a wed^ St almost the same hour P What is the first called ? 
In what signs ia the Sun then ? In what is the Mora f Bare the 
inhabitants of the Moon any moonlight ? What remarkable ap- 
pearance is observable of the Moon a few days after the change ? 

Of the Motions of the Planets, 

What is the motion of a planet said to be when moving from west 
to east ? What, when nearest the Earth ? On what side of the 
Suuy when said to be stationary ? How often, in the course of ita 
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ciffcittlxQiiiidtbe San, hU stiioiary ? H«#p%iildif«dt ? How 
often retrqg^t ? What U iti potttio*, ifpik r^prd to the Sun, 
when direct ? What, when retrograde ? In what conjunction 
is a planet said to be when nearest the Earth ? What conjunction 
is that in which the Sun iibetwe^ t» and tlie planet ? In whift 
is a aiperior planet said to be whea the Son Is betireen it and the 
Earth ? Whether is it when in opposition or conjunction that a 
planet rises and sets nearly with the Sun ? In which of those posi- 
tions is it that the planet rises nearly when die Siin 8et% and sets 
wliefi he 'rises ? 

Of Mars and the Asteroids. 

W^t la the distance of. MivnfiKwn the Sun? . Whatuhlsdia. 
met^ ?. In what time doea he revolve roui^d the Sun ? What is 
the length of his day ? For what is he remarkable ? What is the 
rate of motion in bis orbit ? What is supposed to be the cause of 
the red colour of Mars? J>oea he ever appear gibboua? Inwhai 
time doea Vesta retolve round the Sun? What iahes mean distaiMse 
from the Sun ? Can it be seen by the naked eye ? By whom was 
It lirst discovered? What is the distance (^ Ceres? What the 
diameter ? What the colour ? By whom discovered ? What is 
the mean distance of Pallas from the Sun ? By whom diaoovered ? 
What ia there peculiar in the odutaof Ccraa and Pallas ? In what 
time doea Pallas revolve ronndthe Sun ? How far is Juno from the 
Sun ? What is the diameter ? For what is this planet particularly 
distinguished from all the other planets of the system ? In what 
time does it revolve TOund the Sun ? By whom diMOvered ? In 
what part of the system are the Asteroids lutuated ? What is sup- 
posed io be the origin of them ? 



or JUPITEB. 

Q. What is the distance of JupUer frotn the Sun P 
A. Four hundred and ninety millions of miles. 
Q« In what time does he revolve round the Sun ? 
A. In nearly twelve years. 



44 A BBISF IMTHODUCTIOK TO ASTBOKOMV. 

' Q. In what time round his axis P 

A* He revdlves on his axis, which y& perpendicu- 
lar to his orbit J in about ten hours^ at the amazing 
jrateof twenty-six thousand miles an hour; and by 
this swift diurnal motion his equatorial diameter is 
six thousand miles greater than his polar. 

Q. Has this planet any variety in its seasons^? 

» 

A. As the variety in the seasons of a planet' de- 
pends on the inclination of its axis to its orbit, and 
as Jupiter^s axis is at rtffht angles with the pla^ne of 
his orbit, he can have no diflkence in his seasons, nor 
any variation in the length of his days and nights. 

Q. What is the diameter of Jupiter P 
- A. He is the largest of all the planets,— Jiis dia- 
meter being eighty-nine thousand one hundred and 
seventy miles« 

Q.- What is his magnitude compared with that of 
the Earth ? 

A. It is more than one thousand itimes that of the 
Earth. 

Q. What is the rate of motion in his orbit ? 

A* Twenty-six thousand miles an hour. 

Q. How is Jupiter easily distinguished from the 
other planets of the system ? 

A, By his peculiar magnitude and brilliancy. 
He exceeds all the other planets in brightness, with 
the exception sometimes of Venu^. 

Q. Are there any belts seen across the disc of this 
planet P 

A. When seen through a good telescope, there are 
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observed several zones or belts extoidiag across his 
disc or face in lines parallel to his equator. 

Q. Are these belts stationary f 

A. They are vaiiable both in number, distance, 
and position. 



OF JUPITEB^S SATELLITES. 

Q. How many SatdHies or Moons has Ju^ 
piter ? 

A. Four ; which move round him at various dis- 
tances, and at different periods of time. 

Q. In what time do they revolve round him ? 

A. The nearest in less than two days, and the 
most distant in little more than sixteen. 

Q. Are these Moons, like our own, liable to be 
eclipsed ? 

A. Yes; and their eclipses are of considerable im« 

portance to the astronomer, who, by means of them, 

has obtained a method by which the longitude of 

places may be determined with greater facility and 

-accuracy. 

Q. Have not these eclipses been useful in disco- 
vering the motion of hght ? 

A, By these also the motion oi light has been as^ 
certained to be progressive^ and not insUmtaneous^ 
as was formerly supposed. 

Q. At what rate does light fly ? 

A* At about twelve millions of miles in a minute ; 
which is more than a million of times greater than of 
a ball issuing firom the loaded cannon. 
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Q. In wllat time does »r^y<(f2i^^ come ficom the 
Sun to tbe EvsAk f 

A. Inabout«^iUniaMiite9a»da Aa^;-whkhis 
at the rate of about twelve nulliona of miles in a 
minute. 

Q. By irhom were the Satellites of Jupiter dis- 
covered ? 

J. By Galileo, m 1610. 

OF SATmUI* 

Q. What is the distance of Saturn &om l^e Sun ? 

A. About nine hundred millions of miks. 

Q. In what time does he revolve round the Sun ? 

A. In about thirty of our years. 

Q. In what time round its aads? 

A» In nearly twelve hours. 

Q. Wh^k the diameter of Saturn? 

A, About eighty thousand miles. 

Q. What the rate of motion in his orbit? 

A> Twenty-two thousand miles an hour. 

Q. What is the colour of this planet ? 

A. He shines with a pale white light. 

Q. What is the proportion of light and heat en- 
joyed by this planet ? 

A. About ninety times less than on the earth. 

Q. Is the surface of this planet diversified like 
Jupiter ? 

A. It is diversified with dark spots and belts, 

Q. What is the figure of Saturn ? 

A. It is more fattened at the Pdes than Jupiter. 
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Q. What does the flsltetm^ of liia PoIm of the 
Earth, Mars, /uptier, and Saturn^ arise fipom ? 

4itf. From the can^r^^^fo^fbieeidr their egriMA^^ 
parts. 



• I 



Of the Ri^ffs 9fJ^€(tum. . 

Q. How is Saturn distinguiahed firom all the 
other planets of the systctai ? 

A. By a large double luminous ring surrouncSiig 
his body, like the horixon of an artificial j^be. 

Q. Are the rings deee>to the body of th^plaaet? 

A. T^7iittaeatiatwentjf4methou$andniileadi&' 
tatvt fimn it ; and its fareadlh is twenty thoiisand 
miles. 

Q. What is the breadth of the o«<0r riM^ ^ 

J. It is s^ven thoufluid two hnndBod miles broad. 

Q. What is the extent of the vacant space betwixt 
the two rings P 

A, It is two thousand eight hnndred and tlurty«> 
nine miles. 

Q. Has the riog any rotation on its axis ? 

J, It revohea round the planet in ten hours and 
a half. 

4 

OF SATURN'S SATELLITES. 

Q< H«w mai^ SateUites or Minmi has Sa^ 
tumf 

A. Sec9n; bnt they are all so smdl^ and placed 
at such a distance from the Earth, as not to be seen 
bat by excellent telescopes. 
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Q. In what time do they revolve round the pri- 
mary t 

' A. The one nearest to it in twenty<-two hottr& and 
a half, and the most distant in seventy-nine days 
seven hours. 

r 

Q. Has this last Moon any rotation on its axis ? 

A. Yes ; and, like oar Moon, it revolves round 
its aids in the same time that it revolves round the 
planet. 

Q. Is there any thing remarkable in the position 
df the orbits of these Satellites ? 

A, While the orbits of the siw inner ones aD lie 
in the piano of Satom'^s ring, the orbit of the ouier-^ 
mo8tf or the most distant from him, deviates eonsi* 
derabtyfrom this plane. 

Q. Is there any thing finrther remarkable of this 
ButeDite ? . 

A: It likewise surpasses in brightness, when at its 
•weBtemelongation^nLU the other Satellites, except the 
fourth ; at other times it is extremely small, and at 
its eastehi elongation it entirely disappears. 

OF THE GEORGIUM SIDUS, OR HERSCHEI^. 

Q. What is the distance of the Georgium 
Sidus? 

• A, Eighteen hundred millions of miles, and is the 
highest in the system. 

Q. In what time does he revolve rouiid the Sun ? 

^. In nearly eighty-four years. 

Q. In what time round his axis? 
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A. In one day sixteen hours and thirty minutes. 

Q. What is his diameter ? . 

A. Thirty-five thousand one hundred and twelve 
miles. 

Q. What the rate of motion in his orbit ? 

A. About sixteen thousand iniles an hour. 

Q- What is the eolout of this planet P / 

A. It is of a bluish white, and appears like a 
star of the siwth magnitude. It can rarely be see^i 
but by means of the tdeaeope, 

Q. When may he be best seen by the naked eye f 

A. In a clear night when the Moon is absent. 

Q. When was this planet discovered ? 

A. On the 13th March, 1781» by Dr Herschel, 
who, out of compliment to his royal master , gave it 
the name of the Georgium Sidus, or Georgian Star. 

Of the Satellites of the Georgium Sidus. 

Q. How many Satellites has this planet ? 

A, Six ; all of which were discovered by Dr Het- 
schel. 

Q. In what time do they revolve round the planet? 

A. The one nearest the planet performs his revo- 
lution round him in nearly six days ; and the most 
remote, in rather more than a hundred and^ven 
days. 

Q, What is there peculiar in these Satellites ? 

A> They all move in a retrograde direction, and 
in orbits lying in the same plane of the ecliptic, and 
almost perpendicular to it. 
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JEXERCISE8. 

Of Jupiter. 

What is the distance of Jupiter from the Sun ? What is the 
length of his ^ear P What his day P Has be any Taiiety in 
the length of bis diiys 9 Why has 1m none? WlMtfaer is his polar 
or equatorial dmrnetergrealiest? Wlia^iethadiaoieter? Whaft^bia 
diameter compared with the Earth ? What the rate of motion in 
his orbit? Are there any belts or bands across the disc of Jupiter? 
How is he easily distinguished from the other planets of the system ? 
How many Moons has Jupiiter ? In what time does <he most €is- 
taot revolve round the Sun ? In what time the neaiest ? Are these 
Moons liable to be eclipsed ? What great advantage baa resulted 
from these eclipses P At what rate does light fly ? In what time 
does a ray of light come from the Sun to the Karth ? By whom 
were the Satellites of Jupiter discoTered P 

Of Saturn and the Georffium Sidus. 

What is the distance of Saturn from the Sun P What is the pro- 
portion of light and heat enjoyed by tins planet ? What is the leagth 
of bis year ? What of his day ? What the rate of motion in bis or- 
bit ? What is his diameter ? What is the figure of Saturn ? What is 
the colour P How many rings has he P What distance are they from 
the planet ? "What is the breadth of the outer ring ? Has the ring 
any rotation cm ita a^us ? What is the extent of the vacant space 
between the two rings ? How many Satellites has Saturn ? Can 
they be seen by the naked eye ? In what time does the nearest 
move round the primary ? In what time the most distant P In what 
respects is this Satellite similar to our own Moon P Is there any 
thing remarkable in the position of the orbits of these SatelStea? 
Winch is the highest planet in the system ? How far distant from 
the Sun is the Georgium Sidus? In what time does he revolve 
round the Sun P In what time round his axis ? What is his colour ? 
What his. diameter ? What the rate of motion in his orbit P * Can 
it be seen by the naked eye ? When was this planet disc o v tf »d ? 
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By whom? How many Satellites bv it ? By whom were they dis- 
oorered ? What is peculiar in the motions of these Satellites ? 



OF THE COMETS* 

Q. What are Comets ? 

A> They ave bodm tibat are ocoaaioiiaUy seen in 
Aeheavens; they have no visible diacy md shine only 
with & faint lights accompanied with a tml or train 
turned from the Sun. 

jQ. What ia the nature of Comets ? 

J, When examined with a good tdeseope, they 
appear Hke a mass of vapours surrounding a dark 
nucletis of different degrees of opacity in different 
Comets. 

Q. What change takes place in a Comeths appear- 
ance when it approaches the Sun P 

^ As it approaches the Sun, its pale and cloudy 
ligiki becomes more brillianiy and when it reaches 
its perihdion^ or that part of its orUt which is nearest 
the Sun, it is often brighter than the planets. 

Q. Does the train or tail increase in length as it 
approaches the Sun ? 

A, It does. 

Q. In what do the orbits of the Comets differ from 
those of the planets P 

A. In thdr great eocen/ricifyy— all of them 
{Stretching far beyond the limits of the Planetary 
System. 

Q. How many Comets are said to belong to the 
system ? 
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A' Upvoards of fM)€ hundred; the elements of 
ninety-seven of which have been calculated by dif- 
ferent astronomers. 

Q. Do they all move in the same direction round 
the Sun ? 

A. No ; foTtg^ine of those which have been com- 
puted move from west to easty 9xA forty-eight from 
east to west. 

Q. What is farther remarkable of Comets ? 

A. They are of a much greater dendty than the 
Earth, because some of them are heated in every 
revolution round the Sun to such a degree as would 
vitrify or dissipate any substance known to us. 

Q. What computation did Sir Isaac' Newton 
i!nake respecting the Comet that appeared in 
1680? 

A. He computed the heat of that Comet, when 
nearest the Sun, to be two thousand times greater 
than red-hot iron ; and that being thus heated, it 
must retain its heat until it comes round again, 
though its period should be more than twenty thou- 
sand years.* 



* By consulting the Edinburgh Encyclopaedia on the article Co- 
met, there will be found tables containing the elements of ninety- 
Kven Comets, which have been observed and cidculated. by different 
Astronomers, till the year 1808. By comparing together the num- 
bers in the table alluded to, it will appear, 1st, That twenty-four 
haye passed between the Sun and the orbU_ of Mercury; thirty -three 
between the orbits of Mercury and Venus ; twenty. one between the 
orbits of Venus and the Earth ; fifteen between the oibits of th« 
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' OF THE FIXBD STABS. 

Q. What are those heayenlj bodies tailed diat lie 
heyond our system ? 

. A. They are called FU^ Stars ; because, wiOi 
89me few exeepdons^ they never appear to chaage 
their pkoes wi& regard to each other, as die planets 
do. They are likewise suppo8ed.to be Suns to other 
^sysfeeiBS that revolve jromid them. 

<2* Can any analogy be Ixaoed between them and 
pur Sun ? 

A. Yes ; it is found, from observation, that many 
i£ the Stars move round their axis, as the. Sun does ; 
thoe have ako been discovered spots on the surfiu^e 
of many of them. 

. <2. Are they all equally distant from the Earth, 
and placed in one concave surfsocey as the face of the 
heavens, to appearance, represents them ? 

A. No ; they are placed at immense distances from 
one another, through unlimited sptice ; so that there 
may be as great a distance between any two neigh* 
•bouiing Stars as betweooi the Sun and those that are 
nearest to him. 



Earth and Mars ; three between the orbits of Mars and Ceres; and 
4me between Ae ofbit9 of Caret and Jtqiiier. 2d, Hut thirt^^two 
Comets bare been seen between April and September f liity-^ bi^ 
tween September and ApriL Sd, That the greatest part of the Co« 
xnets have their perihelia nearest to their ascending nodes ; that the 
odMts of the Ck>aietB are not confined to any particular region of 
^e beaveiMy but seem to bate every poaable dbfectioii. 

C 



Q. When exMUOfled diMHgli; ngMd tdesoope, do 
th^ «{>|)eiirto have any senaiUe dise? 

if. No ; and their sise rather dimaiiiihw hf ki- 
craisiag' ibe magnifying power of the infiCrtmieBte. 

Q. How moch nearer is the Earth to* sinne of 
d» Fixed Start in one part of ita <nrMt than m 
anotiier? 

^. One htmdred and n fca rt ^ mSBioM^ €f WM99, 

€1^ Do tfa#«j9fmr0tt#iii«i^^i«^)«illi0MefS8^and 
distances from one another, while the EMh ]» in 
theeedMftnrettt poei^nB^ still teaaksk thfe namfe f 

^/Yes. « 

Q. What is tiie diitanee (^ the neateet Sftir ^om- 
puted to be ? 

A. Sirki0, or the Dog^sim^ whieh^ fiemita iri^ 
tianey, ia sappoaed to be thenearest^ Is eoespMed to 
be twenty IMIm$ of miles* 

Qi, In whair time would a^ ray of light pafta Arengfa 
ihatsptteeP 

ji. Net in less Aalf iAret? fearSi 

Q. Ill what time wonld a bally shot#(nn the Blaarth, 
reach the nearest Star ? 

A. In about seven htmdred thousand years. 

Q.' Into how many different classes or orders are 
the Stan? distributed ? 

A Iv^si^; those that appeil» Aif>gie9# flii» cufled 
Stars of liie jF%r«^ Magnitude ; the next to ibem in 
ttistre are called Stars of the Setwid Magnitttde ; 
and so on to the si^h^ wUdi are the aauJleBt seen 
by the naked 



Q. Wbal IB tke greatest inariberMM by llie naked 
eyeat any time? 

J. About three ih&ueand, 

4}: Hov are the Fixed St»s ^stingvislied firom 
the Planets ? 

i^ In dice first jiBce, the ^^«ftf h»ve a twmkRng 
appearance^ while the Planets shine with a steadff 
uMfa r m Kght. In1JiefieeoDdpIaee,theStBVS,tho«i^ 
they rise and set, are sttMonary wi«h rqpnd to oao 
another, while the Planets are always in motion. 

Q. Whether are the Planets or Stara first seen in 
the ey^iing? 

A. Hie Planets are earUeU seen ui the eoeninffj 
and bOegi in tiie mominff. 

Q. Are the Stars uniformly scstttSMd oyer the fir« 

A. No; they ai« fiyo&dciroiacM together in some 
fiaeeB^ wUle in other parts of the hetfrens them ana 
blamk spaces where no Stars are to be seen. 

Q. Are the Stars aa niuieiDiis aiboye the horiKHi 
by day aa by mght f 

A. Th^ are as numerous, bof diey eatxMt bedis-i^ 
eemed, braigfe6tinthe^^%ii[^9it^of theSus^sraya* 

Of the NeinOas^ w SmeU Clmters sf Stars. 

Q. Wl^ are these rmips called Ndbulae ? 

A* Because they appear as mioKite^ lAMdk qiots, 
nitteli Mke nnaH light chuds. 

Q. What number of Aeso Nebulae is mpposed 
to be Bi the beayeBB ? 
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Jk, There'werefoifmerly knowntobe'om^Ai{m{r«({ 
and three; but Dr Herschel has given a catalogue 
of two thousand^ which be has discorered ; and his 
c^inion is ii^e^t the starry heaven is replete with these 
Nebulae. 

Q. What does the Doctor think fffrtfxsr respect- 
ing these Nebulae ? 

A. That each of them is a distinct and sqwrate 
^ysteoi) independent of the rest. 

Of the Galaxy y or Milky-way, 

Q. What is the Galaxy^ or Milky-way f 
A. It is a white and lummoue zone which nearly 
encirles the heavens, and. which appears the nearest 
of all the Nebulae. 

Q. In what direction does it encircle the globe P 
A, If you begin at Auriga, it passes on toward 
the south through the bead of Monoceros, leaving 
Orion and Canis Major to the westward; then it 
passes through the rigging of Argo Navis, Robur 
Carolinum, and Crux; thence it passes along by 
GentaUms a^d L^ms, and takes in the tail of Scor- 
jno, the foot of Serpentarius, and part of the bow 
and arrow of Sagittarius ; t then passes on between 
Antinous and Serpentarius^ including Scfutum So- 
bieski; where it divides, one part taking in Acquila, 
Vulpecula*, and one wing of Cygnus ; the other, be- 
ginning at Serpentarius, includes a small part of 
Cerberus, part of the tail and wing of Lyra, and the 
neck, body, and tail of Cygnus, .where they join 
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again and become one, and pass between Cepheus 
and Lacerla, taking in Cassiopeia^ where it inclines 
towards the equinoctial^ and takes in Perseus, and 
so meets again at Auriga, finishing that great cir^ 
cumference. 

Q. Did Dr Herschel examine a part of the Galaxy ? 

A. He examined a portion of it, about fifteen de- 
grees long and two broad, and found that space to 
eontain no fewer than Jifty thousand Stars^ large 
enough to be distinctly counted, and he suspected 
twice as many more ; but from want of light in his 
telescope he saw only at times. 

OF THE CONSTELLATIONS. 

Q. What is a Constellation ? 

A. A group of Stars which tlio ancients fancied 
resembled some figures or animals with which they 
were familiar, as the Waggon, the Bear^ &c. 

Q. What are those Stars called . that lie in the 
spaces between each Constellation ? 

A. They are called unformed Stars. 

Q. In what Constellation is the North Pole Star f 

A. In the tail of the Little Bear. 

Q. What are the figures of those Constellaticms 
in that division of the heavens called the Zodiac f 

A. They are mostly figures of animals; oSyAfieSf 
tha Ram, Taurus^ the Bull, &c. 
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The XJL OmateUaUoM in th0 Zodiac, 



CcmftHMHom. 

1. Aiiei» The Bum, 

2. Taunis, The Bully 

a Gemini, The Tmm^ 

4. Cancer, The Crab^ 

5. Leo, The Liouy 
6L Virgo, The ftrgin^ 

7. Libra, The Balance, 

8. Scorpio, f%« Sayrpion, 



No of 
fitanu 

6 
141 

. 85 

83 

95 

110 

51 



Names of UieDTiociptl Stias^ 
•ii««Miriliig^| ~ 



44 

51 



ft. Sagktarias,. The Archer^ 

10. Caprioomus, The Goaty 

11. Aqoarias, The Water-beesrefy 106 

12. Pisces, Th€ Fitbesy . . 113 



Aiietes, 2. 

{Aldebaran, 1.. 
The Pleiades. 
The.Hyades. 
Castor sM PoQnic, 1. a: 
Acubene, 4. 
f R^^dusur Lion's Heart, 
i 1. Deneb, 2. 

? SfAoBk Virgitiis, 1. 
\ Vindemiatrix, 2. 
f Zaben d Cbamafa, Sttbcft 
1 el Gemuabi, 3, 2. 
Antares, ). 

Deneb Algedi, 4. 
Seb«Bt,3w 



The XXXIV, NortTkem CwutMiHon^ 



No of 
Stars* 



ConrtftBatlona 
1. Mons Masnalus, The Mown- \ |« 

3. Serpens, 7A« Serpeni^ 
9. Seroentarins, 7we ;S0f7)0f>/^\ 

oetHrer^ • ^ • j 

4. Taurus Poniatowski, Bail pf\ 

I^onUiioufAit . i 

& Scutum SoU^, Sobieski*8\ 
Shieldy . . . / 
. fAqulla, TheEagU,\ 
\ Antinous, | 

7. £qaulu8, 7&« IMtle Horsey 
%. Leo If ioor, The LitOe lAon^ 
% Coma Berenices, Bereniee*t\ j^ 

lOi Asterion and Cfaara, or Canes 1 os 
Venatici, 7%e6r63^A(mnflEs, j *^ 
H. BoStes, The Drover, . 54 
12. Corona Borealis, The North- \ o. 



Names of the principal _ 
and their m$fAtaiiea» 



64 

74 

7 
8 

71 

10 
53 



em f/rown, ^ 

rHercules, . . . i 

13. -J Cerberus, The ihree^headed > 1 13 

14. Lyra, The Haarpy 



Ras Alhagos, 2; 



Altair, 1. 



Alphecca, 2; 

fRas Algethi, 3. in 
i head of Herculi 



22 Lyra, er Vega, K 
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CODBfeSUBlii 

Id. Vuh)ecula and Anser, Th$\ 
F<uf and Goote, . I 

16. Sasitta, The Arrow ^ . . 

17. Ddphinus, 7A« Doiphin^ . 

18. Pemus, 7A« Flying Horsey 

19. Aooromeda, 

20. Triangulum, The Triangle, 

21. Triangulum Mimu, rte) 
. JUtHe Triangk. / 

22. JUusca Borealis, TA^ iNTor^A*) 

emFlg^* ... J 

23. Ursa Minor, The Little Bear ^ 



No of 
Stan. 



Names of the principal Stars, 
aod tiitir Ifngaitudes. 



87 

18 
18 
89 
86 
11 

& 

6 
84 



Mavleab,2. Sehest,2. 
JUirach, 2. Almaach, 2. 



24. Ur8a31igar,7A0^ea/ Bear, 87 

2A. Cor CaroH, Charlet's Hearty 3 

26. Draco, The Drttgon^ , 80 

27* Cygnus, The Swan, • . 81 

28. Lacerta, The Lizard^ . 16 

29. Cepheus^ • . .35 
90. Cassiopeia, ... 65 

fPerseus, • • . "I 
31. -{Caput Medusa, Head o/V 59 

I Medusa^ } 

32. CamelopardBluB The Cameml .q 
foparrf, . . / ^ 

unga 
iFay 
34. Lynx, The Lynx, 



33. Ai:^a, TAe Charioteer or 
fFoi^mmtfr, 



} 



66 
44 



Abaccabah{rPdleStar,2. 

{Dubfae or Upper Pointij^, 
1. Alioth, 2. Benetnach 
or liower Poiirter, 2. 

Etanim, 2. 
Arkled, 1. 

Alderamin, 3. 
Sdiedir, 3. 

Algol,?. 



Capelfabl. 



* In the latitude of Edinbuigh, all Stars, of wliich the Apclioa^m 
are above 34** 3^ N., are never seen to set ; and Sta^s, of wluch, the 
declinations are above 34'* 3^ S., aae never ▼isible. 



The XLVIL Southern CcnsfelkUtQM. 



No of 
Stars. 

07 
64 



ConsCdlatioiia. 

1. Cetus, The Whale, 

2. Eridanus, The river Po, 

3. Orion, .... 78 

4. MoDooeroa, The Unicom. . 31 
6. Canis Minor, The Little Uog^ 14 

6. Hydra, .... 60 

7. Sextans, The Sextant, . . 41 

8. Microsoopinm, The Juieroseopep 10 

9. Piscis Notius or Austzalis, The \ tu 

Souihem^iMht . . j ^ 



Names of the principal Stars, 
and their Magnmides, 

Meokar, 2. Min^ 3. 
Achemar, 1. 

Procvon, 1. 
Cor Hydrse, Z 



Fomalhaut, 1. 
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Sirias or Dog-star^ ^ 



No of Names of tbeprtnefpAlfltenw 
CoDttelMloiu. Stan. mMI tiMir MaflnitudM^ 

19. Offieina Sculptoria, TheSwlj^ \ ,«. 

torUShop, . . i ^^ 

11. Fornax Cbeimca,7*A«C&«mu»/l j^ 

Furnace^ ... J 
ld.Brtin{lenburgiumScepCrani,rA€ I • 

Scspire of Sranaenburffy } 
IS* Lepus, The Hare, . 19 

14. Columba Noachi, NoahU Dove, 10 

15. Canis MajoTy The Great Dog^ 31 

16. Pyxis Nautica^ The Marianer^e \ 

Compote, « . . / 
17.MftchiDaFBewDaftka,.TAtf^f>. > 

IS. Cratevfr^ C«|» or Ga&/^» 
I9..Corvua, The Crow^ 

20. Centaurus, Tfie Centaury. • 

21. Lupua, The Wdify 

22. JSotmtkf or Quadra Eudidis, 1 

EueHtTe Square, . J 

23. Cireinas^ 7Ae Compasses, . 

24. Triangulttm. Auatrale, The \ 

Southern Triangle, • j 

85. Crox, 7Atf Cr»M^ 

26. MuBca Australis or Apis, Th4\ 

Somthern Fly or Bee, . i 

27. Chameleon, 7ai(? Cameleon, 

28. Ara, rA« ^/tor» 

29. Tetesoopium, 7%e Tdescope, 
SO. Corona Auitralis, The South-X 

em Crown, • . J 

31. Indoa, The Indian, 

32. Orus, The Crane, 
39. Favo, The Peacock, 

34. Apus^ or Avis Indica, TheBirdl 

^f FaretiUte, • j 

35. Octant Hadleianas, Hadley'e\ 

OcknU, ... J 

86. FboeDiX) • • • . 
37- HotologfixDi, The Clock, 

38. Eeticulus Rhomboidalit, The\ 

Nhomboidal Net, . j 

39. Hydrus, The Water-Snake, 

40. Tottchan, The American Goose, 

41. Mona Mensa?, The Table 1 

^ountetn, . • j 

42. Praxiteles, or Cda Sculptoria, 1 

Toofr, ... J 

43. Equuleus Pietorina, The Faint. \ 

§r*s Easel, • . . j 

44. DoradiK or Xiphiaa, TheSuford" \ 

45. Argo Navis, The Ship Argo^ 

46. Piacis Volana, T%e Flying-Fish, 

47. Robur CaroU, Charleys Oak, 



4 




3 


. 


31 
9 
35. 

24 


Alke^9l 
Algorab, 3^ 


12 


V 


4 




S 




(^ 


• 


4. 




la 
9^ 


f 


12^ 




12 
15 
14 




11 




43 




15 
12 




10 




1(^ 

9 





89 



a 



7 

64 

8 

12 



Canopas, f * 
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A Table Df the RiffU AfM^ension and D^dimUion q( some o£- the 
most eminent Fixed Start, Those marked with an asteritk in 
the following Table, are those from which the distance of the 
Moon is ealciilated in the NauHoal Almanack f<tr dbe purpose of 

ascertaining longitude. 



Namas and Coaitellationsi 

AMebaran, in Tawrut^* 

A^nib, in Pegasus^* -, 

Alioth, in Ursa Major, 

Alcair, or Altair, in Aquila^* 

A^biero, m CjK^fMit, 

Aridef, in dUto^ 

At;hernar, in EridanuSy . 

Alfetu, in Corona^ • 

Arcturu^ tn Bootes^ 

Arietis, tn Aries^ 

Asingue, tf» I^fra^ 

Bellatrix, tn Orion, 

Belelguise, tn ditto, ', 

Beoinaeg, tn Uria Major, 

Canobus, or Ganooua, in Argo Navis, 

Castor, tn Gemini^ 

Castor*8 Brother PoUuw, diMo,* 

Capella, tn Auriga, . , 

Cor Hydrae, HydraU Heart, 

Cot ScoEpioDia, JScorpio^s Heartf* 

Cot Ijeonis, caUed lieguitu,* 

Denib^ in Leo Major, 

Eiif^ tf» Pegasuju 

Fomalhaut, tn southern Fish,* 

Oauby, tn Libra, South SccUe, 

Marhal, or Markab, tn Pegasus, 

Menkar, tn Cetus, 

ProeyoQ, tn Canieula, 

Pis OentaurL 

Begel, or R^fel, in OrionU Foot, 

1. i^tMx in the Girdle qf Orion, . 

2. — ditto, • . 

3. ditto, 

Scheat, in Peg<i9us, 
8heder, tn Cassioveia, 
fiiriua, tn Canis Afaj&r, - . 
Spica, tn Virgo^* 

Ijo wer Pointer, tn Ursa Major,' . 
Upper Pointer, tn ditto, coiled IHibhe, 
Vmdemiatrix, In Ktr^o, . 





R- A. 




o / 




66 00 




00 38 




191 12 


1 


296 9 




290 36 




308 36 




22 29 




231 29 




211 34 




28 52 




277 28 




78 30 


■ 


86 69 




2(M^50 




94 66 




no 19 




113 8 




76 20 




139 20 




244 16 




149 19 




174 37 




323 29 




341 32 




219 62 




343 36 




42 61 




.112 6 


. •■'•^ 


216 29 


• f 


76 8 




80 21 




81 26 




82 34 




343 26 


« 


7 12 




99 




198 84 




162 18 




J62 42 




192 67 



Declin. 



16 

13 

87 
8 

37 
44 

68 

27 
20 
22 
38 
6 
7 

60 

62 

32 

28 

46 

7 

26 

12 

16 

8 

30 

16 

14 

3 

6 

69 

8 



1 

2 

26 

66 

16 

10 

57 
62 

12 



6N.' 
26 N. 
6N. 

20 N. 

32 N. 

33 N. 
18 S. 
26 N. 
18 N. 
28 N. 
86 N. 

9N. 

21 N. 
21 N. 
36 ^. 
20 N. 
SIN. 
46 N. 
46 S. 

69 N. 
44 N. 
66 N. 
43 I?. 
10 F. 
6N. 
16 N. 
46 N. 
68 S. 



27 

28 
21 

4 



S. 
& 

3. 



67 N. 
24 N. 

26 s; 

4 9. 
30 N. 
63 N. 

6N. 



C.2 
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Of the Comets^ Fixed Stars, and CansteUatUnu. 

What is tlw MMnpe of CohmIb f How many ar* laiiil to betbng 
to the Sjstem ? Do they all mor o in the same diractton round the 
4Bim ? What change taket pteoe in the appearance of a C^mti as 
it qpproaciiet the dun ? It the oibit of a Comet the same as that 
•f a Planet ? In what do they differ ? What k farther vemaihsble 
of Comets ? What are the Fixed Stars suppoaed to be ? Why sre 
they called Fixed Stars ? What is the distance of the^nearestStsr ? 
Which is the neatest ? How mudk nearer is te Earth #oae«e of 
the Fixed Stars in one part of its orbit than In another ? In what 
tune would a haD shot l^om the Earth reach the nearest Star ? In 
what time would a ray of light come from Sinus ? Are l9ie Stars 
all at the same distance from the Earth ? Into how many classes 
are they divided f What is the greatest numher laen by tfan nrfhed 
eye at any time ? Are they uniformly scattered over the firmamunt ? 
How are they distinguished from the Planets ? Are they as nu- 
merous by day as by night ? What are those cafled Nebulae ? What 
number pf them is suj^posed tteheia the heaf«ns? Wbaitlnthe 
Galaxy, or Miiky«way ? What Was the portion of it ecmmod by 
3>r|lenehel? Whatniunber*offila(Bdidhe find ink? Whatisa 
Constellation ? In what one is the North Pole Star? How niany 
are in. the Zodiac f What sort of figures are they ? How many north- 
ern ones are thcrfe ? How many soutbem f 

OF THE ILBliiNG AND FLOWINO OF THE OCEAN. 

Q. By w6om was the tme cause of the Tides 
first aasigned ? 

A. By Kepler, who jsays that &e watexs g£ the 
Ocean gravitate toward the Moan, and c&use the 
Tides. 

Q. What was Sir Isaac Newtoif s opmion ? 

A. He demonstrated that the Tides are a ccmse- 
quence of the kw of universal gravitation, the phe- 
nomena beii^ exactly such as ought to result from 



Ae attvueticm ^ the Sun 2^ Mom ejected «iii ibe 
w»i0a fit ihfi ocem. 

Q* In what proportion does the i^w^ oi grmity 
4iimmWkf 

A. ft dimiiiiflhes as the equate of the distanoes la- 
<a ca|ga» that isi a body at twice the distance attracts 
awriihcr naith miky 9kfourti^ part of the force, at &ur 
timeB the diataiice, with a ^teoifUh part <£ the 
fefee» &c. 

Q. How does tins {Hinciple ap^y to ^ Tides ? 
< ji,. Th(9 .wt(«M«n the 9de of the Earth nfio^ the 
' M0€» are «iMe •attsaotod hiy h» than the watera on 
the opposite aide of the Eaxdi ; and, therefore, the 
distance between the waters on the Earth'^s centre 
iilid^hose iuider a«d q^ail^e tp the Aloon will be 



Q, IVhat ifi Ae effisct piodaced by the oonjtmc- 
turn or change of the Moon, when the Sun and Moon 
met ma direct line with each other ? 

4I. Ti^e attractive fiwoe ct the Son and Moon be- 
ing united, diminishes the^amty of the water under 
the Moon* aad is prpduetive of Sprit^ or High 
Tides. 

42« How is ibegmnty of the waters on the oppo- 
i site aide of tiie £»th diminished ? 

A. By means of the Centrijkigal Force. 

Q, Wh#t is the centrift^ force ? 

A. It is that fiurce by which all bodiesjnoving in 
cmka have a tendepcy to fly off fioom their.centres. 

<^ Boea this feme thr^w off as mudi water on the 
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of the Baitli'>whiclri# tamed ftom die Moon, 
as is raised 1^ het attraction on die side a^Et her P^ 

jI. It doesi' ' • i» 

Q. What is the effect piodaced on the Tides hy 
iSttefutt Afdofty ot irhen she is in oppaHHon f 

A, She then raises the Tides under andof^posite to 
her, or, which is the same thing, lets- the wat^ oil the 
oppofldte eSle remttiB . 

Q. What is the effect produced by the Sun ac^ng 
in the same line with the Moon ? > 

A. The t9tm nnses'the Tides wider and oppo^te to 
him in the same way as the Moon does, thou^ in a 
smaller proportion. 

Q. What then is- thdr cambmed effietf 

A. The effect is the same as at the ohalige,' atd, nt 
both cases, occasions what we call the Spring THdes. 

a What is the interval or period between one 
Spring Ude and another P 

A. Fifteen cToj^^ nearly ; the time of high water 
at any place being at the same hour aUter that lapse 
of time. 

Q. What takes place when the Moon is in-^it^a* 
drature with the Sun ? 

A. The action of the one luminary then ^minikbe^ 
the ^ct produced by the other^ and causes wliat is 
caUed the Neap Tide^. 

Q. Is the influence of the Sun as great as thAt of 
the Moon on the waters of'the ocean ? 

A. The distance of the Sun is so gMit Aaa^lte 
produces little more than a fourth pari ^4he ^ect^ 



^ When do the gneateai Tideii hiif|>w? 

A* Invnnter the Spring Ttcfe^are fpreater thim m 
summer, and the Neap Tides smtli&ti the Sun 
bciag nearer the Earth in wixd^ than in gdminer. 

Q. How often does the Tide e6&a^,;foic? hi' twen- 
ty-£mr hours f 

ji* Twice* 

Q. WhatisthedifierenceoftiniebetirixtthejSii^ 

A. About «M7 hours twelve minuies and a half* 

Q, What is the distance of time between the^te;o 
,fie0dsf . 

A. Twelve hours tw^ity-five nmnutes; malpag 
two Tides ofjteod andtwo oftkb in twenty-four hours 
and fifty minutes, which period is called a kmar day. 

Q. How are the two floods and thetwo ebbs thus 
produoad?^ 

A, By the roto^toit of theEarthonitsaads; each 
part of itssuiface, to which the Moon is vertical, be^ 
ing piesented to the action of the Moon. 

Q. Are the Tides very sensible in the ocean f 

A. Inc^iaiseas the Tides rise but to a very «9ia// 
height compared with what they do in confined 
places, or in wide-mouthed rivers opening im the.di* 
raetien of the stieam of the Tide. 

Q. Why do the waters rise higher in chaftHtts 
growing gradually narrower ? 

A. Because the waters are accumulated by the^ 
oppoflttioii of the contracting banks. 

<). . Arovthc^ Tides DHichielarded in their pr<»gresa 



by shoals^ jttd bj BtiSUag against icapea» JheacDaads, 
.*c. ? 

d. Yes; vndarisuoh.ckinimstaaees dieir mailikm 
b^eoBMs YaiiaUe, and tbeir hdght depcnda Miaany 
.dxemiistaiices. 

Q. In what direction do the diffeieai ^ cua gfai to tif 
the Tides flow ? 

A. From the mfrtk.and mnAj in thc^oactiiui of 
the Sun and Moofij — ^that is, towards die S/tfoMfm. 
. Q. How does thai; fixim the NMrthanifiemislbere 
flow? 

A. From the Ncffth Cq^, along the ooaattif^Abir- 
wAj, towards dw Naae» and so pniceeda idoi^g iiie 
eotf ^. coos^ of Biitain* 

. Q. Does it» in its paawige, sapply att the faanboms 
on the ooaatwidi the Tide, one after enodiflr? 

A. Yes ; and those on the coast of Scodend btsre 
die Tide &Bt, as being finrthest north. 

Q. Wfaeniski^vato'atAbesdeaneadiedqrs 
offuU and change 9 

A* Ai fiNrty^Sre nunates past iwl^e. 

41. When at Tynemouth-bar on the tame dey ^ 

A, Not till three o^ck»dc. 

^ WhenattbeSpum? 

A. At a little after five ; but not At Hull till ax; 
; dot time being requited fivr its passage up tfie^ver 
Humber. 

. Q. When is it high water at Yanaontb Boads on 
that day? 

A. It makes U^ water Aeeaalitde after eight. 
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l>ttt not in the.pier of Y«c9ioo& tiU jame, nod it w- 
quii;es neady an hour moie to reach the town. 

Q. When does it make floodkideat Harwich ? 

jL At half-past ten* 

€L When at the Nore ? 

A. At twelve. 

a, Whenat Gravesend? 

A. At half-past one, and at London ut a quarter 
befine three o^docL 

Q. What does this show ? 

A. That the same Tide that produces high water 
at Tynemonih-bar at tbeee oVlock in the morning, 
does not produce hi^ water «t London till aquarter 
befiore three in the afternoon. 

Q. While the Tide or high wat^ is flowing south 
along the «ast caast of Britain, does it not also flpw 
sottthwaxd along die we9t i»a$i e£ Scoiiaixid and Ire- 
hmd? 

A. Yes; andalmuichof it falls into St George^s 
Channel, the flood running up north-east. 

Q. How does it appear that the Tide flows in that 
diiection? 

A. From its b^igA^Att7a^0r at Walerford above 
ihtee hours befiire it is high water at Dublin, or in 
that noghbonrhood of the coast. 

Q. What is the state of the Tide at Dublm when 
it is high wator at the Isle of Man ? 

^ When it is high water at the Isle of Man, it 
is ihiee quarters of an hour e6& at Dublin* 
• 48* Dees not a branch of the Tide from the coast 
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of Ireland fi&w eastward through the English 
Channel^ by the coast of England and France. 

A, Yes; and when it reaches the Goodwin, on 
the east coast of Kent, it meets the Tide which 
flows to the southward, along the eastern coast of 
Britain. 

Q. What is the consequence of the meeting of 
these two Tides f 

A, It contributes very much towards sending a 
powerful Tide up the River Thames to London. 

Q. Is not the course of the Tide east, or east norths 
ea>st, up the Channel inconsistent with the theory 
which supposes it to move &om ea^t to west ? 

A* In the ocean, where the Tides meet with no 
obstruction, they regularly fidlow the influence of the 
Sufi or Moofi in moving from east to west 

Q, What direction do they take in rivers, chan- 
nels, and narrow se(is ? 

A, They flow in every direction, as the wat^s in 
the neighbourhood may be higher or lower ; it being 
well known that water, if not counteracted by some 
superior power, always endeavours to come to a level. 

Q. Are there any Tides in lakes ? 

A. No ; beeause the Moon attracts ev^ part of 
a lake alike, so that no part of it can be more raised 
than anothw. 

Q. Have the inland seas any 'Hdes ? 

Ai The inlets by which the Mediterranean anti 
Baltic Seas communicate with the ocean, are so har- 
row, that they cannot, in so short a time, receive or 
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idiscbaige enough to raise or sink their surfaces sen- 
sibly. 

Of the Tidee, 

• 

By whom was the true cause of the Tides first asslgoed ? What 
Sd he say was the cause ? IVhat was Sir Isaac Newton^s dpinion ? 
In what proportion does the power of gravity diminish ? How does 
a body at twice the distance attract another ? How, at four timei 
the distance ? Whether are the waters of the ocean next the Moon 
more or less attracted by her than those on the opposite side of the 
Bar& ? Does the Sun, as well as the Moon, attract the waters of 
the ocean ? Which has the most powerful effect ? What is the effect 
produced ou the ocean by the change of the Moon, or when she 
is in conjunction with the Sun ? What is the effect produced on 
die Tides by the full Moon, or when she is in opposition ? Whal 
IB the combined effect of the Sun and Moon when she is in oppo*- 
silion ? By what are the Neap Tides occasioned P What is the in- 
terval or period between one Spring Tide and another ? When do 
the greatest Tides happen ? When the smallest Neap Tides P What 
is the cause of the Spring Tides being greater, and the Neap Tides 
smftUer in winter than in summer ? How often does the Tide ebb 
and flow in twenty-four hours ? Are the Tides very sensible in the 
ocean ? How are the two floods and ebbs produced ? Why do 
the waters rise higher in channels growing gradually narrower P In 
what direction do the difierent currents of the Tides flow ? How 
does that from the North Cape flow ? When is it high water at 
Aberdeen on the days of full and change ? When is it at Hull P 
When at Harwich ? When at Gravesend ? When at London p 
Does the Tide flow up along the west coast of Britain as weU as 
the east P Does the Tide flow nortfa.east from the south of Ireland P 
Whether is it high water at Dublin or Waterford first ? Does the 
Tide flow east the English Channel and through the Straits of Do- 
ver p What is the effect of the two Tides meeting opposite the east 
coast of Kent P In what direction do the Tides flow in riTers, 
channels, Ac. ? H«r9 the inland seas any Tides p 
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OF TEBBESTBIAL 6EAVITY. 

Q. What is Terrestrial Gravity f 

A. That force by which bodies are continually 
urged to 4iie Ewdi. 

Q, What is Ae lefiect produced by the power of 
graidty on a body at rest, supported by another, or 
suspended by a string, or in any other way kept fioom 
fidling? 

A. The fbree of grbvHg causes it to stretch the 
string by which it is suspended, or to press upon its 
supports. 

Q. What is the tSBtdt when a body at rest is left 
tmsiipported ? 

A. It falls to t&e Earth, in the direction of a Ene 
perp€9idicular to its surface. 

Q, Are the spaces through which a body falk aL 
ways proportional to the squares of the times of 
descent ? 

A. Yes ; for, at the end of the intervals of time 
1, 2, 3, 4, &c. seconds, the spaces the body has doi- 
i^ended are as the numbers 2, 4, 9^ 16, &c. 

Q. Do all bodies, whether great or small, descend 
through the same space in the same time P 

A. Yes ; except so &r as th^ si» Uaderod by 
the resistance of the wa. 

Q. Through what space does a body fall, by the 
force of gravity, in one second of time ? 

A. It falls through siisteenjiet and one anoAb 
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Q. At tfae end of that time, through what space 
would it fall in another second, if ^e force of grarity 
were to cease to act upon.it) and allow it to continue 
its motiMi unifinrmly. 

A. Agreeably to the laws of acoderaied notion, 
it would fall through double the space, or ihirU^i^ttBO 
feet two inclies. 

Q. What is another efibet of gxavitotion ? 

A. When a body is projected in any dixeotion 
Mique to tfae harisDnt, it ySeftects die body &om the 
line in which the projection was made, aod bends its 
path into a curve. 

Q* In what does this pbeneiftenoQ afford a most 
instructive lesson ? 

. A. In the theory of the pbnetasy motions ; as 
upon this principle the planets revolve round die Sun. 

Q. What woidd be the eonsaqnenoe if die attrac- 
tive power of die Bun wese not countacaoted by the 
projectile force of the planet ? 

A. Tfae Sim, being so large a body, would natur- 
ally draw all the planets into him. .See the Article 
on the Motion cf the Planete^ and ite Cause j p. 9* 
' Q. Wfaait is meant by the verb to gravitate f 

A, Nodung is meant but the £»tthat all bodies, 
0r the planets, dther actually approadi or manifieflt 
a tendency to approach the body to vfatdi Ifa^ are 
aaid to gravitate. 

Q. How is the quantity cf matter in a body esti- 
mated? 

A* By its weight 
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Q. Do all bodies of equal magnitude contain equal 
quantities of matter ? 

A. No; for a ball of cork, being more porous 
than a bail of lead, though of the same sice, must 
be much lighter, and consequently contain a less 
quantity of matter. 

Q. How is gravity demonstrated to be as the 
quantity of matter in bodies ? 

A' As every partide of matter has its proper gra^ 
f)ily, the effect of the whole must be in propOTtion 
to the numbor of the attracting partides^-^that is^ 
as the quantity in the whole body. 

Q. Is it not evident, then, that the power or force 
of gravity is always proportional to die quantity of mat- 
ter in bodies, whatever their bulk or figures may be ? 

^a jl es« 

Q. What is the cefUre of gravity f 

A> It is that point of a body in whidi the whole 
force of its gravity or weight is united ; therefore, 
whatever supports that point bears the weight of 
the whole body. 

Q. What is the line of direction f 

A. It is an um^inary line, drawn from the centre 
of gramty of any body, toward the centre of the 
JSarth, and in this line all heavy bodies descend, if 
not obstructed. 

OF THE ATMOSPHERE. 

Q. What is the Atmosphere f 

A* It is that invisible elastic Jluid which sur- 



rounds the Earth, and encloses it on all^aides to a 
considerable height.. 

Q. Why is it called a ihiid f 

A. Because it has all the properties by nrhich a 
fluid is distinguished* 

Q. Mention some of these properties. 

A. It yields to the least pressure, its parts are 
easily moved among one another, it presses accord- 
ing to its perpendicular height, and its pressure is 
every where equal. 

Q. In what does flie Air diffisr from all other 
fluids ? 

A, It can be compressed or made to occupy a 
much smaller space than it naturally possesses, which 
BO other fluid can. 

Q. Can it be congeiUed or fixed as other fluids 
may P 
. J. No. 

Q. Is it of a different density in every part up- 
ward from the Earth^s surface ? 

A. Yes ; and it decreases in its weight the. higher 
it rises, and it must consequently decrease in den- 
sity. 

Q* Is Air of an elastic nature ? 
-. A- Yes ; and its elasticity is equal to its wdght. 

Q, How do you prove that Air is a body ? 

A. If a glass-jar or any other vessel be plunged 
with its mouth downward into water, very little wiU 
get into the jar, because the Air, of which it is fuU^ 
«JHduif».th^. water. 
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41^ Ab Air 18 a bodjv it n^ut ksve gravity or 
weight ; how is this demonstrated? 

A. A bottle that holda a^qaait, beia^ emptied of 
Air by means of the nr^-pump^ and we^^ied^ is fdwid 
to be sixteen grains lighter thB» when the Air is 
let into it again ; i^ch shows thai a quart of Air 
iM|^ sixteen graauw 

Q. What is ihe diflmace betwenai the wei^of 
J0* and that of fFa«^ i^ 

A. Water is eight hundred and twenty tfanea as 
faetfvy as Air h near the suifisce of die Barth. 

Q. By whom was the weight of the Atmoqdiae 
aaeeitained? 

A. By Gafifee. 

Q. What application did TarridHi mdke of liie 
giWfity of the Atmosp^re P 

A. It was by this that he explained the rise ef 
w(Uer in pumps, and of mercury in the barometrical 
tcdbes* 

Q. How high does walor rise by means of Ae 

A. It will not rise Ugher tAum tfair^4;wo or 
thirty-three feet. 

Q. What is it that causes die water in the puadp to 
Solfayw. the jiMois when die Air above it is liftedvp ? 

A. It is the pressure of die AMnospherB ok the 
svrihce of the water is die w^ 

Q. How is this proved ? 

Aw- By taking a tube <vf about ferty vol hi lenj^fih^ 
shut at one end, and filling it witb waiter, 



pihmgiiig it into a irwsel of wster, ihejlmd will then 
dMcend m die tube iM the we^bt of the cdmnn 
eiUkctljr equals the piessuxe of the Atmosphefe. 

Q. Why w91 the weight of the column exacify 
equal the we%ht of the Atmosphere P 

A4 Blecause the Air is now exchided from the 
VLf^ part of the tube, and the weight of the co- 
Itam of fluid is the only feree which is left to ba- 
lance the weight of the atmospherical column. 

Ql In making this experiment, how high will 
Ae water be fo^md to «taod in the tube P 

A. At from thirty-feur to thirty-five feet aboTe 
the general level of the surrounding fluid? 

Q. What would be the CMisequenee tf the tubd 
ware open at the top? 

A> The pressure would be equal on both, and the 
water in the tube w^ould fall to the level of the sur- 
roundis^ fltrd. 

Q. What does this demonstrate ? 

A. That the weight of a column of Air reaching 
to the top of the Ataiosphere is equal to die weight 
ef a oohmm of water of the same base with the a0& 
iude of thirty-four feet. 

Q. What IB it on a square feot ? 

A. About twenty-one thousand five hundred and 
sixty-four and a half poimdB. 

Q. What is it on a squaie inch ? 

A. Fifteen pounds en every square inch. 

Q. How high wiB fnercuryme m the i(abe of th« 



8 
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A. To the heigbl^ of .al^QUtl^iri^ indies. Hence 
it follows that the whdkd AtmoBphere exer|^ the 
same pressure on the surfiice of the £«rth as • if the 
snrface of the globe were covered with water to the 
depth of about thirty-four feet ; or with quicksil^ 
ver or mercury to the depth of about thiriy inches. 

Q. Do not the changes which take place i|i t}ie 
Atmosphere render its pressure liable to re^; otmA- 
derable variations ? 

A. The column of quicksilver, which has been 
shown as the measure of that pr^sure, yari^ inaa 
twenty-^ht to thirty-one inches* 

Q. If we suppose that a man of an ordinwy sitse 
exposes a sur&ce of nearly fifteen feet to the pres- 
sure of the Atmosphere, what must be the w^i^t 
he sustains ? 

A. When the Air is of a mea^ gravity ^ he miist 
sustain a pressure of fourteen and a half tons* 

Q. How is he capable of supporting such a 
weight? 

A. It is by the pressure being equal on ey^Ty 
part, and being counterbalanced by the i^prtug of 
the Air within, which is diffused through the w.lH>Ie 
body, and reacts with an equal force against tha out- 
ward pressure. 

Q. What is the height of the Atmosphcti^f^ ? ^ 

A. It appears Aom the duration oitwiUght^ that 
at die height oi forty-four and a half fnii^A%. ^s 
suffidaitly dense to intercept the light of tb^ Qua, 
and to reflect it to the earth: though it is. 8^d<mi 
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dense enough tLttufomilea to suspend or 1»ear up the 
doods. 

Q. Does it grow gnduaDy rarer the higher it 
asooids? 

A. Yes ; the lowest stratum supporting the weight 
of ahnost the whole Atmosphere will be more dense 
than the rest, and the superior strata will gradually 
become mcnre rare in proportion to the weight which 
they sustain ; the Air in the higher regions, therefore, 
will be extremely rare or thin in consequence of its 
dasticity, which is not checked by any «uperm- 
etunAen^ pressure. 
- <2- Of what ifi the Atmosphere composed ? 

A. It was long considered as a simple elementary 
body ; but it is now known to consist of at least four 
distinct subetanoes ; nameijfOaygen^ nitrogen, car- 
bonic acid gaaeSy and aqueoiM vapour. 

Q. Which are considered its essential consti- 
tuents? 

A. The first two constitute almost the whole of it ; 
the other two exist only in minute quantities. 

Q. Is the composition of the Atmosphere always 
the same? 

A, Yes ; it is universally admitted that it is the 
same in all places and in all seasons. 

Q. Whidh of the constituents of the Air is the 
most important ? 

A. OwygeUi yrhicb is indeed not only one of the 
most unportMit, but one of the most remarkable sub- 
stances in nature. 

D 
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^. It poaBosflBB .the mechtnical properties of' Air, 
c^nAuBtAUa thnm in it inlb gnst .faiilUaiieyy lod 
animals can breathe it much longer than the^iMtte 
qttai|til}r ^ tnmmmt^ Air. 

Q. What are the pi» | M»ti e<i ist^nUroffm f 

A. It is diieft|r laeognked by its m^foihe quali- 
ties, it posaesaes the nuachanieal piqiertiesof -aii^f it 
does not support eomfaustaon, and it i« dealli;4o any 
animal that breathes it 

Q, What are the properties of eaf4o99ieaofi2giEU? 

A. It is of so very deleterious afiatuve^'thit wefce 
it to aecnmdate to any extent, it woiild render -Air 
ineapaUe of supporting life. 

Q, Will a candle bum in this gas ? 
. A> A candle mHi not burn in Air coatentmated 
with one-ninth of carbonic acid gas. 

iQ. Is iikem nuidi of dns gas in the Air? 

A. The quantity is very small. 

Q. EDow is it demonstrable that aquetms^ vapour 
forms a part of the Atmosphere P 

A. By the rtMin and dew that are continually 
falling, and by the great quantity of moisture which 
sulphuric acidy potash^ and other bodies tibaorb 
when exposed to the Atmosphere. 

Q, What good purposes does the Atmosphere 
serve? 

A. It serves to suqiend the clouds^ and famish 
us with wind and rain, and answer the eoinmon pur- 
poses of breathing. 
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Q. Does it '8erv« 'fuiy-dtller «aitfie ? 
^i It is «lso the catiie of die Inoming and eTening 
tmUgktf ftad of all the gloty and bri^tness of die 

Q. What do ezperim^ts im %fae air-pump prove 
with regaxd to the AtmosfAeref 

J» They prove that without the Air or Atmo- 
sphere no anunal could exist ; iwkbout its aid all 
vi^elaCioB would •cease, and sound couid not be pro- 
duced without it. 

<2. What appearance would the sky present to us 
if there were no Atmosphere ? 

A: Without it, no p«rt of the heavens would 
appear light but that in which the Sun was placed ; 
and if a person could turn his back to the Sun, all 
that {lart of the heavens belbre lum would be dark 
as night. 

Q. . What are the effects produced on the Atmo- 
sphere by heat and cold f 

A. Heat expands or increases its bulk, while cold 
cofUraets or diminishes it. 

EXEBCISES. 

Terr€9trial GravUp and the Atmosphere, 

By what name is that force called by which bodies are conti. 
nually urged to the Earth ? What is the effect when a body at 
real is left unsupported ? Do all bodies, whether great or small, 
deaceod through the same qmcc in the sme tiiaa? Are the 
spmass throiigh which a body falls always pioportioiial to the 
squares of the times of descent ? Through what space does a body 
lUl by (he force of gravity in one second of time? What would 
tie 0isf cooiMiueiiee if the sttraetite power ^of ifae J9iui were sot 



80 A BEISF IKTSODirCTIOK TO A8TR0K0MY. 

coonteradtffd by <he projMHito ftwce •£ tfie plimeto? How is the 
quantity of matter m a body estimated ? How it granty demon- 
ttrated to be as tbe qui^tity of flatter, in bodies Do all bodies 
of equal magnitudes contain equal quantities of matter ? What is 
that point of a body called in which the whole force of its gravity 
is united? Why is the Atmosphere called a fluid ? What is the 
Atmosphere ? In what does it differ from all other fluids ? Is 
the Air, at the surface .of the £^rth,of a different density from that 
which is more distant ? How do you prove that Air is a body ? 
By whom was the weight of the Air ascertained ? What applica- 
tion did Torricelti make of the weight of the Ab? What is the 
weight of a quart of Air ? What is it that causes the water.to ascend 
in the pump and follow the piston, when the Air above it is lifted 
up ? How high will water rise by means o^the pump ? To what 
is the weight of a column of Air, reaching to (he top of Uie Atmc' 
sphere, equal ? What is the wdgbt of the Atmosphere on a square 
inch ? How high will mercury rise in the tube of the barometer ? 
If the surface of the globe were covered with water, what depth 
would be equivalent to the weight of the whole Atmosphere ? If 
of quicksilver, what depth would be equal to the weight of the At- 
mosphere? What is the height of the Atmosphere? What pres- 
sure does an ordinary-sized man support? Of what is the AtQio- 
sphere composed? Is the composition the same in all places and 
in all seasons ? What is the principal constituent in the composition 
of Air? What are some of the properties of oxygen ? What are 
the properties of nitrogen ? What do experiments on the air-punap 
prove with regard to the Atmosphere? If there were no Atmo. 
sphere, what appearance would the sky present to us ? What ef. 
fects do heat and cold produce on the Atmosphere? 



OF THE WINDS. 

Q. W&at is the cause of the Winds f 
A. When a column of air is heated above' the 
temperature of an adjacent column, it has a tendency 
to rise in consequence of its diminished specific ^a^ 
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i?i^;. while the coUet ak- flows inA~to supply its 
pliee. • ^ 

Q. Exphun this by some familiar circumstances. 

JL It is j&om this cause that the Air rushes with 
sudi foroe into a gkm-houaef or toward any place 
where a great fire is k^t* 

Q. Is it also from the same cause that smoke is 
caanried up the chimney? 

A. Yes ; the Air about the fire being so much 
rem^ied 1^ the heat, that the colder air, from the 
adjacent parts of the room, rushes in to restore the 
equiHbriumf — ^thus keeping up a constant current oif 
Air through the chimney^ 

Of the Trade Winds. 
Q. What are the Trade Winds f 

« 

^i-.They are Winds that blow constantly from 
east to west on the Torrid Zone. 

Q. How are they produced ? 

A, When the Sun shines perpendicularly on any 
part of the Earth, the Air naturally becomes very 
much heated, and causes it to ascend to the higher 
r^ons of the Atmosphere ; while the adjacent colder 
Air rushes in to supply its place, causing a steady 
breese almost the whole year from east to west, ex- 
tending to about thirty degrees on each side of the 
Elquator. 

! Q. Does not thar direction decline a little from due 
oust? 

^. It does toward the parallel to which the Sun 



IS ^erHeal at dilteram deaoantdf liie yetr, being a 
little northerly when the Siin^s declmatioii is notlli, 
and etmihertg ^ifkm\aifdo(SA$Am.h loudL 

Q. In what state is the Trade Windin the Great 
Pacifie Ocean ? 

A. It blows wkh a gentle and unifbrni bieexe 
during the whole year; so much so tibat Spanish 
vessels trading between the western coasts ^ South 
Amenea voA the MariiUa Islands^ aie said to tra^ 
▼ense this vast ocean in ten weeks widvont fasvin;^ 
once occasion to alter a safl. 

Q. What is the preTBiiin^ Wind on-the north aend 
south of the Trade Wind ? 

A. Beyond the Tropice the prevailing Wind <»i 
each side is from the we9f; a current of Air having 
that direction seems to be necessary to restore the 
equililniiim of the Atmosphere, which is so inces* 
santly disturbed by the action of the Ti^de Windft;. 

Of the Sea and Land Breezes. 

Q. What are the Sea and Land Keezes ? 

A. Wind0 blowing altemafieiy from die land ami 
sea ate dbsesved to prevail in most places which have 
a numHme or insular situation. These Wink are 
most distinctly felt between the Tropics. 

Q. Do they change their direction with gceat ie» 
gularity every twenty-four hours? .i* 

A. Yes ; blowing from the sea to the fantflditfing 
the day^ and from the la$id to the sea dxmmgiikiib 
mght ' /I >. 



▲ Mtkmvt JWPMtpirofiQViTa^ AMT'SxmoMr. 8S 



A. It is eupsosed to be owiiig ta ^the unaquiil ^ 
feet of tlie Stmupon the Atm^pbfpre <p^#r.t)ie land 
and theoceaa, t . 

Q* What is the effect of the air p¥e£.^e land 
being so much irarmer during tbe day than tjiat 
which is oyer the ocesan P 

4* Tbe^densec Air over the o^an overcomes^ by 
its greater weight or pfsssuxe, the rwsisMMdee of Om 
.^.OTetrtbe land) and thus oocasione a fliuf of the 
Atmoqphere from the sea towards the land. 

Q. What takes place da];ing the night? 

A. During night the state of things is reversed, 
anda cuirenl. of Axt is detfinifiiiisdhy the denser Air 
rushing ficom the-land to the-sea^ 

Of the Monsoons. 

Q. What are the Monsoons f 

A. Periodical Winds, which, in the Indi(m Seas, 
blow half a year one way, and the other half another 
way. 

Q. To what cause have they been ascril^ ? « 

A, To the superior temperature acquired by the 
soudiem part of the African and Asiatic continents 
during the time the Sun is vertical to it, in conse- 
quenee of which an (zeriai curreni takes place firom 
the sea towards theland* • 

iQ. . Describe what part of the ocean b thus a& 
ftotoi by it. 

A. In that portion of the /ndtiMs Oeeon lying be- 
twew Sumatra and the African coast, and from 
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three degrees t>f south ktitude to the Asiatic coast, 
induding the Arabian Sea and the Gulf of Bengal. 

Q. In what direction do the Monsoons btow from 
September to April t 

A. Norlh-edsi^ or nearly in the general direction 
of the Trade Wind. 

Q. How, from April to September f 

A. They change to the south-west^ and move in 
with the hmd to the west-south-west. 

Q. What is remarked dmring the former period? 

A, That the Wind is more steady, and the wea- 
ther less liable to changes. 

Of the VelocUyofthe Wind^ ^. 

Q. What is the velocity of the Wind ? 

A. It varies in every possible degree firom ofie to 
^fty miles per hour; but the medium is fitmi 
twelve i/o fifteen miles per hour. 

Q. What are cardinal Winds P 

A. Those that blow from east, west, north, and 
south. 

Q. What are cdHaierdl Winds ? 

A. Those that blow between the cardinal points. 

OF BBFBACTION. 

Q. What is Refraction f 

A. It is in general the deviation of a moving body 
in its direct course, occasioned by the difierent den- 
sity of the m^edium it moves in, or it is a diange of 
direclaon, occasioned by a body^s falling dblRqudy out 
of one medium into another of a difibrent density % 
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Q. What is the great law 6f RefracHon which 
holds IB aU bo&s and in all'medituns ? 

J, It is this, that a body passing obliquely out 
of one medium into another, where it meets with less 
resistance^ is refracted or turned towards the per- 
pendicular. 

Q. When is it refracted or turned from the per- 
pen^cular? 

A. In passing out of one medium into another 
wh^e the reristance is grifater. 

Q. Axe the rays of light f^dling out of Air into 
water refracted towards the perpendicular ? 

^« Yes* 

Q. Is a batt when thrown into the water refracted 
from the perpendicular P 

^» X es« 

Q. What is the reason of this difference ? 

A- The cause is, that water, which resists the 
motion of %A/less than Air does, resists that of the 
bail more ; or, to speak more correctly, because water 
by its greater attracticm accelerates the motion of 
the rays *of light more than Air does. 

Q, What is the efiect produced on the heavenly 
bodies by this refractive power of the Atmosphere ? 

A. All the heavenly bodies appear higher than 
they really are, and hence they often appear above 
the horizon when they are actually below it* 

'* At PariB^ on the Idtfa July, ITSO, the Moon was seen eclipsed 
above |he horiiop, while the Sun itself was distinctly yisible, which 

d2 



<2. Ifiwtsftte tbis by «tpcrwiest^ 
A. Put, inaiiieiBptf VMfld, a piece oft momyf and 
retire from it iSi^^&edge of the vessel juafe iate- 
cepts t^ numey fioai the aight^ and hsid ike head 
steady while anotfam* pcvso^ pouw water gentlgr into 
the basin ; the money will appear wholly to viesr as 
if lifted up. • . 

Q. What is the cause of this ? 
J. The-ray, whkA was 0iraiffhiwhSi» the basin 
was empty, is now bent at the surface of the water, 
and turned out of its rectilineal course. Now sup- 
pose the e^ge of the baan to be the hartxo%ihe 
water the Atmosphere^ and the piece of money the 
Sun or Moon, it is quite obvious idiat it >wiU be aeen 
above the horizon when really below it* 
Q. Give another example. 
A. Itet sk'^tpff'heimmetB&dperpendiefdArlf^iai B. 
vessd of water, it will have no Refraction, or will not 
appear bent ; but by inclining the staff towards the 
side of the vessel, it will appear bent at the stirface 
of the watery and the more it is inclined the gvoaier 
will be the Refraction. 

Q. To what cause is the oval appeaiaoce of the 
Sun and Moon, wheaa near the horkon, to be 
ascribed ? 

A. To the same cause ; fori, as the loto&r^ Mmb of 



ivas evidently owing to Refraction ; for at full Moon tbe Sun and 
Hoon are diametrically opposite, and therefore could not both be 
seen at the same time. c* fi* 



the /S'ttn or Ifooa kineaoer ibe haBflOBi'tkan the 
if^icr <m0) it; is nbed bmk» l>y tbe^ReBmciioiil of the 
Atmosphere; and consequently the t>er^ica£ diaine* 
^r of the kimbutry:iai contraeted, while the hari- 
$tmial dkMmeier remakiA.tibe saine* 

Q. How long does the Reftaotion. of the Atmo* 
sphere bring the Sun in view before he riaes, and 
keep him in view after he sets ? 

A, Above six minutes every day, at a mean sate. 

OF THE TWILIGHT. 

. Q. What IB ibe, TtciUglU f 

A. It is a medium between light and darkness, 
flttd happens every momingbe&ire aumriae, and every 
evening after swteet, 

Q. What is the cause of it? 

^. While the Earth^s Atmosphere refracts the 
mys of light, it has also a reflecHve pow». 

Q. What is the effect of this ? 

A» By it the light of the Sun is returned ta the 
£axth in an. enfeebled state after his direct rays have 
been intercepted by the horizon. 

Q. What is this phenomenon calkd 2 

A. The Twilight or creptMctdar light. 

Q. How far is the Sun under the hcmson when 
it begms in the morning and aids in the evening ? 

A* About eighteen d^re^. 

Q. Is the length of the Twilight always the same i 

A. It continues longer when the E^tie or the 
flunks apparent path in the heaviQftM|AH|iilitotbe 



M 
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Q. When is it oblique to the liori«m ? * 

A. In winter and sv/mmer, when his dedination 
is great. 

Q« Why does it continue longer then ? 

A. Because his pwpendiculaT distance from the 
horizon incieases dowly. 

Q. When is the Twilight of short duration ? - ' 

A. VHhea the Elbtiptic cuts the hofizc^ ttoie 
perpendictiiarly. 

Q. When does this take place ? 

A. In the autumn and spring^ when the Sun is 
near the Equator, as his distanee thM from the 
horizon increases with great rapidity. . 

a What is the length of the Twil^t a4 the 
Equinoxes, or when the Sun is on theEiJuater ? 

A, Two hours in the momkig, and as maAy in 
the eyening. . . . - 

Q. Does Twi%ht ever continue fibm ^unsetHng 
to stmrising f 

^.. Yes; when the Sun's declina^n, adiied to 
18% exceeds the colatittide of any pfawe, the paorak 
lel of declination will not cut the pandfel «^ 18° be- 
low the horizon ; and therefore there idU be no 
real night in that latitude during that rime. ' Thus 
there is no real night at Eda^nJmrgh firom Bth B£ay 
to 9th August y — that is for about /oicr^em weeks. 

Q. Does Twilight continue longer in high or in 
low latitudes ? 

A. In high latitudes ; because it requbes a-longer 
time to raise or depress the IB"*, wfaicb^oaiicthe li- 
mit of Twilight, in a high latitude than in a lower. 
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wheie the Sun rises more perpendicultriy to the 
horizon. 

OF THE PBECESSION OJ^ THE £aUI270XE8. 

Q. 'What is the prece^rion of the Equinoxes ? 

A. It is a veiy slow motimi which the equinoctial 
poiBt8:iiie known to haYefinmi east to west, directly 
contrary to the order of the signs themsdves, which 
is fiom west to east. 

Q, Why is the retrograde motion of the equinoc- 
tial points called precession f 

A. Because it advances the time of every Equi- 
nox a little sooner than it would have otherwise 
happened. 

Q. At what rate do they move ? 

A. At the rate of one degree in seventy-two years, 
or of fifty seconds in one year. 

Q. "What is the efiect of this retrograde motion 
of the equinoctial points, and by that means of the 
whole Ecliptic ? 

A, By this motion they have receded or gone 
back from their constellations^ or, which is the same 
thing, the Constellations have preceded or gone be^ 
ibre their ngns, in which they were at first ; for ori- 
ginally they were together. 

Q« In what time will the equinoctial points make 
a full revdution ? 

A. In about twenty-five thousand nine hundred 
and twenty years from the beginning of the preces- 
si/my. aa. aj^peais by multiplying three hundred and 
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sixty degrees, whidi «re tlie mmiber of degiees k 
the Ecliptic, by seventy-two years. 

Q. What is the reason diat the equinoctial points 
and aU the rest of the signs stand not in thar own 
but in di£GBfent constellations ? 

J. It is ftcHn the secession ef these points ; as the 
asierism ot eonsteOation. Aries Js not now in, its onrn 
sign,, but in the sign Tmtrus^ Taurus in the mga 
Gemini, and Gemini in Cancer, &c^ quite round 
the Ediptic, as is plainly exhibited on the Celestial 
Globe. 

Q. When will the s^ns and their oonsteBations 
be together again ? 

. A. At the end of the year twenty-five tfajDusand 
nine hundred and twenty from the beginning of the 
said recesuoii, which isoaUed the Piaionio year. 

EXERCISES. 

Of the WindfL 

Wbat is the cause of the Winds ? What is it that causes the Atr 
to rush with such force into any place where a great fire is kept up ? 
From what cause does the smoke ascend through the chimney ? In 
what direction do the Winds blow on the Torrid Zone? What are 
the Trade Winds? How are they produced ? Does not their di- 
reetion deeline a little ftom due west ? What is the prevailing Wind 
DO the north and south of the Trade Wind, or to the novtb end 
south of the Tropics ? What account do those who traverse the Pa> 
cific Ocean giye of the state of the Winds on the Torrid Zone, or 
where the Trade Winds prevail ? What are those Winds called 
which blow alternately from the land and sea, and are observed to 
prevail in most places which have a maritime or insular situation ? 
What is supposed to be the cause of these changes ? Where is the 
breeze from during night ? Do these changes take place regularly 
every twenty-four hours ? What are those Winds eaUtfd Menftd^tis ? 



In what directioD do tbey blow jGnom^^ptemb^ to April ? To what 
cause have they been ascribed ? Over what part of the ocean do 
they extend ? How or in what direction do they blow from April 
to September ? What is generally the telocity of the Wifld ? Does 
it tmfmaOiJ Wtet«twilioM^aiUfid:lfe«t bloar fkom east,, west, 
south, and north ? 

Of Refraction and m TMSi^ 

What ]« •ReA««tion ? What it the ghvailaw of Reftttetion which 
obtainain all madiwns ? Wliailtakeai^eciwhMi«rayofl%fatpaiaaf 
out of one medium into another^ where the resistance is greater ? 
Whether does water or Air resist the motion of light most ? What 
is it that makes all the heavenly bodies appear higher than they 
really ara, and often to appear above the horizon when they ase ac- 
tiiAlly<baUNv H ? Msnlionf a remarlDaUc ocaiirenoe of tbiarefradave 
power which took place at Paris. Illustrate this by that wi^-known 
experiment of the empty vessel and the piece of money in the bot- 
tom of it.' What does the edge of the basin represent ? What the 
piece of money ? What is the cause of this singular appeutince ? 
WiU.» ataffi ifidnneiied perpeadkSDlariy mcd water, appear JMnt ? 
What would give it that appearan c e at the sur£sce of the water ? 
To what cause is the oval appearance of the Sun and Moon, when 
near the horizon, to be ascribed? What is the Twilight ? What is 
the eflfect of the reflective power of the Atmosphere ? How far-is 
the Sun under the horizon in the morning when twilight begins ? 
When is the twilight greatest ? What is the length of it at the 
Equinoxes ? At what hour does it begin in the morning on the 22d 
March ? When is it over in the evening of the 23d September ? 
Why is the twilight longer in summer and winter than in the other 
seasons of the year ? Does twilight ever continue fiom sunsetting 
to sunrising ? When is it so ? How long in the latitude of Edin. 
burgh will there be no real night ? 

OP THE EaUATION OF TIME. 

Q. What ifl meant by the Equation of Time ? 
A- It is the difference of time between a well-re- 
gulated dock and a true sundial. 

9 
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Q. Explain the naluxal conseqaence of the EartVfi 
motion on its axis being perfectly equabky or always 
at the same rate. 

A. It thereby causes an a^Mient equabk motion of 
the starry heaven Bound the same axis produced to 
the poles of the heaven. 

Q. Do equal portions af the celestial Equator pass 
over the mertdtan in equal parts of time? 

A, Yes ; because the axis of the world is perpen- 
dicular to the plane of the Equator. 

Q. What would be the consequence if the Sun 
kept his annual course in the cdestial Equator? - 

A. He would always revolve from the meridian to 
the meridian again in exactly twenty-four hours^ as 
shown by a well-rqpi)ated clock. 

a Does the Son, when movingin the Edqilie, re- 
volve firom meridian tometidito in twenty-four hours? 

A. No; it is sometimes a little sooner, and at other 
times a little later. 

Q. Why is it so ? 

A, Because equal portions of the Ecliptic, in con- 
sequence of itp obliquity, pass over the meridian in 
unequal parts of time, and this difference is the same 
in all latitudes. 

Q. How do you show this by the globe ? 

A. Make chalk-marks all around the Equator and 
Ecliptic at equal distances firom one another, suppose 
ten degrees, beginning at Aries or Libra, where the 
Ecliptic intersects the Equator. Then turn the globe 
round on its axis, and you will see that aU the marks 
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in iSn^ first quadrant of the Ecliptic, or from the be- 
gmning of Aiies to the beginning of Cancer, come 
sooner to the braien meridian dian their correspond- 
ing marks do on the Efualor. 

Q. What do those on the second ? 

A* Those on the second quadrant, or from the be- 
ginning of Cancer to the beginning of Libra, come 
kter. 

Q. What do those on the third ? 

A. Those on the third quadrant, from Libra to 
Cftprioom, come sooner. 

Q* Yfhmt do Aaae on the ftwth ? 

A, Those on the fourths, from Capricorn to Aries, 
Utor. 

Q. Do those at the beginning of each quadrant come 
to ike meridian at the same time nith those corre^ 
sponding marks on the Equator ? 

A. Yes. 

Q. What do these results show P 

A^ That while the Sun is in the first and third 
quadrants of the Ecliptic, he comes sooner to the 
median every day than he would do if he moved in 
the Equator ; and consequently he is faster than a 
well-regulated dock^ which always keeps equable or 
equatorial time. 

Q. What does it show while he is in the second 
ttoi fourth quadrants ? 

A. That he comes later to the meridian every day 
than he would if he kept in the Equator, and is there* 
fi)r« slower than the clock. 
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Q, . WM ^AfftoMiikl ibi tegJMHBg^ of each qua- 
dxant? 

X Tl^ mm milt iioik)a» Am iftfui 3^ 

Q. Is there any other csiiae for the diffi3X«ne. at 
time besides that^y»ii\haT» stated? 

4» Yesi $h« inaqiiiAty ' of thajSvnTB appaeent 
motipn, wHfit ]fl< sbyvjest in suDuaer vhen dM&m 
is farthest from the Earth, and swiftest in winter when 
he is nefirest to it. 

Q. Whatniaybe.A0/diffi»aiice? 

A. In winter it sometimfis.eaaeeds :a.dfgter in 
twenty-four honrs^ whifaiin gnwwirT it is gBpeBaily 
leili;^ th^ /a degl^ee^ . 

Q. What will be the effect wh»i his motion} it 
skiwest? ■' > 

X Any partiedaimeiisynn will more sooner tlum 
when his motion isiqpdidKBt; £)r it:w91ev)ortake*bim> 
in less time when he advances a less space, than when 
he moves through a ifla:giari. 

OS. LSAP YEAJU 

Q« How has the year been* most. generally dKvicU 
ed?:. 

A* Into twelve months of thirty days. 

Q. Of how many days did the ancient H£b^ew 
ni«Bih.,coniist? 



* Time, as measured by the aun-dialj is represented by the 
marks on the Ecliptic, and is called apparent time ; that measured by 
a good chck by those on the Equator^-andiBcoiled «im*i» tiwi&k ^ - 
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A4 0f ihirty'ttMli,witb4h0^>eatt«9^ 
which contained thirty-five. 
Q. Of hov mmj day^^did tlie ^kmian vioBth 

A, Agreeably to die MgttlAtieii of Sokn^ it oon^ 
sisted of thisty and twenty-niiie attematdy, making 
the year dueee faraidied and fiffy-leuv^iays, and a 
linle mave than nne^tbizd. 

Q. How did Meton reconcile the ^famioe be* 
tween the 9oUlt and Jutiartyeat ? 

^. By addmg seyeial intercalary mentha during 
a, oydnoff tevdntMia rf ninaleeH yeara. 

Q; What was the length of tlie Romun mendlf 
in tkfttkne ai Rottalng^f - 

A, They were only ten of thkty and. 
days. 
. Q. Who supplied this dcfane—y i 
. Ai Numa PompiUua^ by adding twanion 
which made a year of tlunee hnmbed and %!byAvt 
days. 

Q. What was the length of the Egyptian year ? 

A* Tbvae hundsed and sixty^five dfljMB. 

Q. Who was the first that attained to any accu- 
racy on the subject ? 

• A*. Julius. Caesar, finding the year established by 
Numa ten days shorter than the ^okuty suppliedtbe 
difference, and fixed the length of the year to b^ 
three hundred and sixty-five days six hours. 

^ Q^ How did he allow for the six odd hours ? 

A. He added aniateicalary day eveiy fiiurth year 
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to the month of Febrcfftiy, reckoning the twenty- 
fourth of that month twice. 

Q. Of what number of days is that year ? 

A. It must of course oonnst of three hundred a^ 
0ixty-8ui days^ and is eaDed Leap Year ; and ftom 
Julius Cftfsar it was called the Julian year. 

Q. By what other name is Leap Year known ? 

A. BiaeextUej and the day added is called die in- 
teicdafy day. 

Q. How do you ascertain at any time what y^r 
is Zmp Yearf^ 

A, By dividing the dale of the year by fbur, if 
there is no remainder, it b Leap Year ; thus 1828 
was Leap Year, because that number divided by 
four leaves no remainder. 

Q. What was 1827? 

A. The third year after Leap Year, because that 
ntanber divided by feur leaves a remahider of three, 
showing it to be the third year. 

a MOiat is 1829 ? 

A. It will be the first year after Leap Year, be- 
cause when divided by four the remainder is one. 

Q. How long did the Julian year continue in 
use? 

A, Till the year 1582, when Pope Gregory ve- 
formed the catendar by cutting off ten days between 
the fourth and fifteenth of October in that year, and 
calling the 6th day of that month the 15th. 

Q. Was the alteration of the style gradually 
adopted throughout the greater part of Europe ? 
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A. Yes ; and the year was aft^waids called the 
Ghregorian year, or New Style. 

Q. When was this method of reckoning, accord- 
ing to die New Style j admitted into our calendars ? 

A. Not till the year 1 ^S^J when the «rror amount^ 
ed to nearly eleven days, which were taken from the 
month of September, by calling the third of that 
month the fourteenth. 

Q. When was the beginning of the year changed 
fiom the 25th March to the 1st January ? 

J. In 1752, by the same act of Parliament which 
admitted the New Style into our calendar. 

O/the Precession of the Equinoxes, 

What 18 that slow motion called which the equinoctial points 
are known to have from east to west ? What is the order of the 
signs ? At what rate do these points moTe ? In what time will 
thej make a IbU revolution ? How doea this appear ? Were the 
constellations and their signa in the &oUptic originalljr togeljier ? 
Why are they not so now ? When will the signs and their con- 
stellations be together again. 

O/the Equation qf Time. 

What do you caU tl|e diffinmce of time betwixt a well-regulated 
clock and a true sun-dial ? Why do equal portions of the celestial 
Equator pass over the meridian in equal parts of time ? Does the 
Son, when moting in the Ecliptic, revolve from meridian to meri- 
dian in twenty-four hours ? What would be the consequence if the 
Son kept his annual course in the celestial Equator. Why is the 
Sun, in revolving from meridian to meridian in twenty.four hours, 
aometimes a little earlier, and at other times a little later ? How 
do you show this by the globe ? Whether do the mariis on the 
first quadrant of the Ecliptic come sooner or later to the brasen meri- 
dian than their corresponding marks on the Equator ? What do 
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tiMMeiiiUieqtiadntttafimnCaiiotrtoIilini? Do dime at the be- 
ginning of each quadrant come to the meridian at the aame time? 
In what quadranti of the Ecliptic does the Sun come sooner to the 
meridian than he would if he moyed in the Equator ? Whether is he 
Ibtn faater or slower than • w«lL.regulatad dock ? Whether does 
lie 09iae loeiier or laterlkrlieit in (he second andftufth quadrants ? 
When are the Sun and dock equal ? By what is time, measured 
on the 8un.dial| represented ? What is time, measured bj a good 
clock, represented by ? What time is that which is called apparent ? 
What ia that thne whieh is oaeasured by a good dock called ? Is 
there any othfer caaie for the diffb«nce of time besides that just 
mentioned ? Whether is it in summer or winter that the Sun's i^^ 
parent motion is greatest ? Why is the motion greatest in winter ? 
Upon what principle does it move quicker in winter ? What is 
the difference of his motion in winter ? What is the difference in 
summer? 

On l^eap Year. 

Offaewmany days "didth^andent Hebrew DKmthconnst? How 
Aid Melon feeoadle the difi^Mnce between theaolar and the 4trtiar 
year ? How did Kuma Pompilius supply the deficiency in the 
months that were in use during ^e time of Romulus ? What was 
the length of the Egyptian year P What alteration did JuHus Caesar 
make in the length of the year ? How many days are in the JnUan 
year ? By what other name is it known ? What change did Pope 
Gregory make in the year ? When was the method of reckoning, 
according to the Kew 8c^ admlttedinto our (»dendats ? 
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SOLVED ON THE TERRESTRIAL QLOHE. 



i^-^ToJktd the hHiude and Umgiiude efany place. 

RuLE.-^Find the place^ and bring it to the brass 
meridian ;* the degree above the place is the latitude ; 
look on the Equator, and the degree under the edge of 
the meridian is the longitude required. ^ 

Examples. — ^What ate the latitade and longitude of St Peters- 
hwtt^ ? Abb. 1ml S9^ 6e^ N.. Utog^mfi MfE. What He the 
latitude and longitude of Madrid, Rome, Constantinople, Moseow, 
Quebec, Lima, Madras ? 

II. — Tojlnd aU those places that have the same lati^ 
tude as any given place. 

Rule. — Bring the given place to the meridian, and 
observe its latitude, turn the globe round, and all those 
places that come under the same latitude are the places 
required. 

III. — Tojind aU those places that have the same Ion- 
gitude as any given place. 

Rule.*— Bring the given'place to the brass meridian, 
and all those places that lie under the edge of the me« 
ridian from Pole to Pole are the places required. 



* It is always the graduated edge of the brazen meridian oi the 
Quadrant diat is meant. 
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IV.— -To Jiini a place by the latitude and longitude 
gweum 

Rule. — Bring the longitude to the brass meridian^ 
and under the given latitude will be found the place. 

£x.— What place is that of which the latitude is 59" 66^ N., and 
eSO" ^ ~ ■ — ■ ■ 



the longitude 30° 2^ £ ? Ans. Sc Petersburgh. What place has 
latitude 40^ 2^ N., long. 8« 2<r W. ? What place has Utitnde 4«« 
55' N., long. 69** 48' W. 

v.— To ^nd the difference of latitude or longitude 
between any two places*, 

Rule. — ^Find the latitude of both places^ and if both 
north or both south of the Equator, subtract the lesser 
from the greater ; the difference is the answer required. 
If one is north and the other souths add them^ and their 
sum will be the difference required. 

£x. — What is the diffeienoe of latitude betwixt Constantinople 
and St Petersburgh. 

St Petersburgh, 59** 5S' N. 

ConstantiDOi^e, 41*» TN. 

Diffiaence, 18« 55' 

What is the difference of latitude betwixt Gape of Good Hope and 
6i«nd Cairo ? 

Cape of Good Hope, 34° 2» S. 
Gauo^ SO'' 3'N. 

Difference, 64° 32^ 

The difference of longitude is found in the same way, but instead 
of using the meridian you use the Equator. Thus, betwixt Mecca in 
Africa and Canton in China. 

Canton, 118° T £• 

Mecca, 40° 55' £. 



Difference, 72° 22^ 

What is the difference betwixt Madrid Bnd Cairo ? 
Madrii 3° 20' W. 

Cairo, 8^ 28^ £. 

Dififoranoe, ' 3^43' 

Vl.^The hour of the day being given in one plaice, 
tojind what hour \t is at that time in any other place. 

Rule. — ^Bring the place where 'the hour is given 
to the meridian, and set the index of the hour.circle 
to the given hour. Turn the globe till the other place 



OK THE TEEEEStBIAL GLOBE. lOI 

comes under the meridian^ and the index will show, 
the hour required. The time will he earlier if the lat-1 
ter place lie east of the former^ hut later, if it li^ on. the 
west. Thus when it is two o'clock afternoon at Lon* 
don^ it is 22 minutes past four afternoon at Jerusalem, 
and 52 minutes past eight in the morning at Kingston 
in Jamaica. 

£x.>«- When it is two in the raomiiiff at London, what k it »i Jera^ 
salem, and at Bangston, Jamaica ? AnSi 4 boun 22 minutes after^ 
noon at Jerusalem, and 8 hours 52 minutes morning at Jamaica. 

Ex. — When it is noon at Edinburgh, whatisitarLima,'Madn»y 
fiio Janeiro, and Mecca ? 

VII. — To find the dUiaiKe between any two places. 

RuLB.-^Lay the quadrant of altitude over the two 
places, and mark the number of degrees between them ; 
multiply the degrees by 094 for English mileSy and 
€0 for geographical miles ; or it may be done by tak- 
ing the distance between the two places by a pair of 
compasses, and applying it to the Equator, which will 
show the distance in degrees, and mult^ly as for- 
merly. 

Ex.-^What is the distance betveen Ijoodon and Constantinople 
in degnes and English miks ? Ans. 22* nearly, and 1529 mues* 
What is the distance between Paris and M ecca, between Rome and 
Bombay, between Lisbon and Quebec ? 

VIII. — To rectify the globe far the latitude of any 
place. 

Role.— Elevate the north or south poles as mimy 
degrees above the horizon as are equal to the latitude 
of the pUiice. 

Ex — What is the latitude of Edinbuu^, London, Rome, Stock* 
hohn ? It is respectively 5fi» 55'— 51* fc'— 41* 64'— 59» 20'. 

IK.-'^Tofind the Sun's place in the Ecliptic for any 
day. 

RuLS.^— Find the day of the month on the wooden 
horizon, and opposite to it in the adjoining circle are 
the sign and degree in which the Sun is for the given 
day i find the same sign and di^ee in the circle 
of the Ediptic on the globej and tbat is the Sun's 
place. 
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. Ex.— What is the Sun's place on the S2d March, the 16th June^ 
the 22d December, the 12th August ? It is respectiyely, lit, Aries, 
—25th, Gemini, — 1st, Capricornns, — 2Qth, Leo. 

X.-— 7o^n<2 at tvhat hour the Sun rises and sets, and 
the length of the day and night at any place. 

Rule.-— Rectify the globe for the latitude of the 
place ; find the Sun's place in the Ecliptic for the day, 
and bring it to the meridian; set the index to 12, 
and turn the Sun's place to llie eastern edge of the 
horizon^ the index will show the hour €i rising ; bring 
it to the western edge of the horizon, and the index 
will show the time of setting. The time of sunrising 
doubled gives the length of the night ; and the time 
of sunsetting doubled gives the length of the day. 
Thus, if the Sun rise at 8, the night is 16 hours, and 
if he set at 4, the day is 8 hours. 

' £x — At what time does the Sun rise and set at Madrid on the 
26th May ? 

Ans. 4h. 30»* timeofrising; 7^* 30 m. time of setting. 

2 2 



9 h. <°* length of the night ; 15 1^* m* length of the day. 
What is the length of the day and night at Paris, Cdinburgn, 
London, Rome, on the 17th June ? 22** Au^ust^ and ^^ Soitember. 
Note, — The complement of rising and setting is exactly 24 hours. 

XI. — The day of the month being given, iojlnd the 
Sun's declination, and to tvhat places the Sun will be 
vertical on that day. 

Rule. — Bring the Sun's place in the Ecliptic for 
the given day to the meridian, and mark what degree 
is over it, for that is the declination, and is northern or 
southern as the place may be on the north or south 
side of the Equator ; turn the globe, and all the places 
that pass under that degree will have the Sun vertical 
on that day. 

Ex. — What is the Sun's declination, and to what places will he 
be vertical on the 10th of May ? Ans. 18° N. dedinauon, aad he is 
vertical to Bombay and Jamaica. What is the Sun's dedlnatioii, 
and to wliat places will he be vertical on the 4th August, tlie 10th 
September, the 7th May ? 

XII. — A place being given in the Torrid Zone, ia find 
on what two days the Sun will be vertical there. 
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Rule.— *Find the latitude of the place ; turn the 
globe round, and observe what two points of the Eclip- 
tic pass under that degree of latitude. The days on 
the wooden horizon opposite to these points will be 
the days required. 

Ex. — ^Qn what two days is the San vertical to Madras ? Aas. 
24th April and 18th Augast. On what two days is the Sun vertical 
at St Hdena, at Kingston in Jamaica, at Java, at Manilla ? 

'XHL-'^ToJind when the Sufi is vertical at any given 
hour. 

Rule.--- Find the Sun's declination for the given 
day, and bring the place to the meridian ; set the in- 
dex to the given hour, and turn the globe till the in. 
dex points to 12 noon. All the {Haces under the 
meridian have noon at the given time, and the place 
whose latitude corresponds with the Sun's declination 
has the Sun vertical at the given hour. 

Ex. — Where is the Sun vertical on the 4th June when it is eight 
o^dock in the morning at Edinburgh ? Ans. A little to the south 
of Muscat in Arabia. Where is the Sun vertical on the 25th April 
when it is fortv minutes past six o'dock in the morning at London ? 
Where is Uie Sim vertical on the 18th August when it is four o'dock 
in the afternoon at London ? Where is the Sun vertical on the 18th 
May when it is twenty minutes past five o*dock in the afternoon at 
Philaddphia ? 

XIV.— 7V> ^nd the Sun's meridian altitude for any 
day at any particular place. 

Rule.-— Rectify the globe for the latitude ; find the 
Sun's place in the Ecliptic, and brine it to the meridian. 
The number of degrees between uiat place and the 
horizon, counted on the meridian, is toe altitude re- 
quired. 

Ex.— What is the Sun's meridian altitude at Edinburgh on the 
1st of May ? Ans. 48°. What is the Sun's meridian altitude 
at London on the 3d of June, at Paris on the 10th April, at Ma- 
drid <Uh December, at Quebec on the 4th March, at Lisbon on the 
22d June? 

XV.— 7*0 Jind the Sun's altitude at any given place 
and hour. 

RuLB.-^Rectifv the f^lobe for the latitude^ and fix 
the quadrant in the zenith, that is over the latitude of 
the place ; hnnst the Sun's place to the meridian, and 
aet the index to 12 noon ; turn the globe till the index 
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p<}into to the i^ven hdiir^ Knd lay the Quadrant of atti- 
tude over the Sun's place. The number of degrees on 
the quadrant, counted between the Sun's place and the 
homon> is the altitude. 

Ex.— What is the Sun's altitude at London on Slst May at nine 
o'clock in the moniing and five o'clock in the afternoon ? Ans. For 
the mornfaig, 43° 3<K, for the eymin^^ 24^ What is the Sun's a]. 
titude at Rome on the 3d April at nine in Ihe morning and three in 
the afternoon ? What is the Sun's altitude at Madras on the 7th Fe- 
bruary at ten in the morning and at 90 minmes past two in the af- 
ternoon? 

, XVI.-^To^n<2 the Sun's right ascension, obHque as^ 
cension^ oblique deseension, and ascensional difference^ 

Bulb. — Find the Sun's place in the Ecliptic, bring 
it to the brass meridian ; the degree on the Equator 
cut by the meridian, reckoning from the point Aries 
eastward, is the Sun's right ascension. 

Elevate the Pole for the latitude of the place, and 
bring the Sun's place in the Ecliptic to the eastern 
edifg^ of the horizon, and the degree of the Equator 
cut by the horizon is the Sun's oblique ascension. 

Bring the Sun's place to the western ^dugt of the 
horizon, and the degree cut by it is the Sun's oblique 
descension. 

Find the difference between die Stm's right and 
oblique ascension by subtracting the less from the 
greater, and that is the ascensional difference. 

Ex.— What is the Sun^s rig^t ascension, ohlioue ascension, and 
ascensional difference on the I5th April ? Ans. The right ascension 
is SIS'* 3(K, the ohlique ascension is w 45', the oblique descension is 
37<* W^ the ascensional difference is 13^ 45'.-.Ex. What are the 
Sun's nf ht ascension, oblique ascension, oblique descension^ and as-^ 
censiona! difierence, on the 27th S^tember, at London ? — £x. What 
are the Sun's right ascension, oblique ascension, oblique descension, 
and aseensionid difibrence, on the Jst May, at Edinburgh ? 

XVII. — To tell the length oj'the hngeH and shortest 
day in any latitude not ^^ceeding 66° ^% 

Rhlb. — Rectify the globe for the latitude; bring 
the first degree of Cancer to the eastern edge c^ the 
horizon, and set the indeK to 12; turn the globe till 
the first degree of Cancer touch the western e(ige of 
the horizon^ and Xhfi ^upc^lt^ of hours thathave passed 
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under tbe meridian is the length of the day. The dif- 
ference between the length of the day and 24 hours 
is the leoigth of the night 

Ex.— What is the length of the longest day at Edinburgh ? 
Ans. Nearly 17 li- 80 m* What is the length of the longest day at 
London, St Petersbureh, Amsterdam, Rom& Lima, &c. ? 

Not€, — To find the length of the shortest oay tnr the globe, bring 
the first degree of Capricorn to the eastern edge oi the horizon, and 
do as directed for the longest day. The length of the longest and 
shortest days added together should be 24 hours. 

XVIIL-— To^TuZ the beginning, end, and duration of 
iwiUght at any jdace on any given day. 

Rule. — ^Elevate the Pole to the latitude of the given 
place ; bring the Sun's place to the meridian^ set the 
index of the hour-circle to 12^ and fix the quadrant in 
the zenith or over the given latitude ; turn the globe 
westward on its axis till the Sun's place come to the 
western edge of the horizon^ and the hours passed over 
by the index will show the time of the Sun's setting 
or the beffinning of evening twilight ; continue the mo* 
tion of the globe westward till the Sun's place coin- 
cide with 18° on the quadrant below the horizon. 
The space passed over by the index from the time of 
the Sun's setting will show the duration of twilight: 
the morning and evening twilight is the same. 

£x.^Wliat is the duration of twilight at Edinburgh on the 23d 
September ? At what time does dark night commence, and when does 
twilight b^n in the rooming ? Ans. Tha^ Sun sets at six o'clock, 
and the duration of twilight is two hours ; consequently the evening 
twilight ends at eight o*cKN;k and the morning twilight begins at four. 
Required the beginnings end, and duration of morning and evening 
twilight at London on the 25th August ? 

XIX.— -7*Ae day and hour being given when a solar 
eclipse will happen, tojihd where ft will be'visible. 

Rule. — Find the Sun's declination, and elevate the 
Pole to that declination ; bring the place at which the 
hour is given to the meridian^ and set the hour-index 
to 12 ; if the given time be before noon^ turn the globe 
westward till the index pass over so many hours as 
the time wants of noon ; if the time be past noon^ turn 
the globe eastward as many hours as it is past noon ; 
then under the Sun's declination you will find the 
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plRce to iVbich the Sun will be verticallj eclipsedl 
At nil places within 70^ of this place the eclipse may 
be visible^ particularly if it be a total eclipse. 

lfiX.-^-On the 7t1i September, 1820, there tru an edipse of thr 
Bun, when H was % muiutes past one o*c]oc1e in the amrneoii, at 
London ; to what places was it Tiaihle ? Ans. It was visible to the 
greater wt of Europe, the whole of Africa, the east of North Ame- 
rica, and the greater part of South America. On the 12th Febru. 
arr, 1881, at 60 minutes past four o'dock afternoon, there was an 
eclipse of the Sun ; where was it tisible ? 

XX.<^^TAe daj^ And hour being given token a lunar 
eclipse will happen, tojind where it will be visible, 

HcLS. — -Find the Sun's declination as in the last 
problem. If the declination be norths elevate the 
South Pole ; if south, elevate the North Pole so many 
degreed above the horizon as are equal to the declina- 
tion ; bring the place at ii^hich the hour is given to 
the meridian, and set the index to 12 ; then if the 
given time be before noon^ turn the globe westward^ 
if after noon, turn it eastward as many hours as the 
time may be before or after noon. The place under 
the degree of the Sun's declination will be the anti. 
podea of that place where the Moon is vertically 
eclipsed ; turn the slobe half-round, and to all places 
above the horizon the eclipse will be visible. 

£x.>^There was an eclipse of the Moon on the 15th October, 
1818,. at 20 minutes past five o^elock in ihemoming, at Edinburgh ; 
to what places was it risible ? Ans. To North and South Ame- 
rica, the western kinsdoms of Europe, and about the half of Af- 
rica on the west. On we 2d October, 1880, there was a total eclipse 
of the Moon at deven o'clock etening ; wliere was it risible ? On 
the 6th January, 1833, there wffl be an eclipse of the Moon at ei^t 
o'clock in the momiag ; where will it be visible ? 

XXI.**— >To Jind ike Jnkeoi, Perkeei^ and Antipodes 
of any place. 

Ru&B^^-^For the Antoeci. Bciiig the given place to 
the brass meridian, and observe its latitade ; then^ in 
the opposite hemisphere, and under, the same -degree 
of latitude, you will fiml the Antced. • 

Rule.— For the Perioeci. Bring the given place to 
the brass meridian^ and set the index of the liour. 
circle to 12, turn the globe till the index points to 

8 
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tlie Other 12, then iimler the latitude of the given 
place you will find the Periced. 

Rule. — For the Antipodes. Bring the given place 
to the brass meridian, and set the index of the hour- 
circle to 12 ; turn the globe round till the other 12^ 
then reckon as many degrees south m thfe given place 
may be norths and there you will find the Antipodes. 



PROBMIMS TO BE SOLVED ON THE CELESTIAL 

GLOBE* 

Signs of the Planets. 
2 Mercury, J Venus, ® the Earth, g Mars, g 

Vesta, ^ Ceres^ * JE'allas, f Juuo, y. Jupiter, Ij Sa- 
turn, ^ Georgium Sidus. 

Signs of ike Nodes. 

SI, Ascending, or North Node ; IS Descending, or 
South Node. 

I. — To Jind the rigid ascension and decUnalion iff' a 
star,* 

RfTLB.-^Bring tiie star to the brass meridkn ; the 
.degree that staMS over it is the declinati<m, and the 
degree of the eqnioiaetuil cut by the xneridian is the 
right asceoaioii* 

Ex.>-«What is the right Moendon and decHnatidn c^ Dabhe in 
the back of the Ortat jEkar ? Am. Right aacewiim IQr 49", de. 
clinatioD 62^ 48^ N. What is the right ascension and declination of 



*the following stan : _Algfnib ia Pegssns, Aldebaran in Taurus, 

Capella in Axing^ 

iu the liittle Dog ? 



Capella in Auriga, Rif^ in OridD, ^ntfMrVf.in.BoikM, Proeptii 



II. — The right ascension and declination ^ a star 
being given^ to Jind its place on the globe* . 

Bui^.-- ^rinff tbe given degree of right ssoension 
to the brass meridian, and under the given degree of 
declinati<Ht you will find the star. . >. 



* Theri^ aaosnsion «i4 4aeUBticn ai the Meeii and Blanets, 
ith their Mitttdea and lon^^des, are given in the Nautical Alma- 



with 
nack. 



19' 


66'' 26' N. 


64' 


19** 60' N. 


64' 


28° 29' N. 


6' 


S4°U'8. 


14' 


8» 27' S. 
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Ex.— What star has 211° 80^ of right asoenrion, and 20° north 
declination ? Ans. Arcturas in Bootes. What stars have the foU 
lowing degrees of right ascension and declination ? 

Bight Asceoilon. Declination. 

r 

25° 
68° 
88° 
76° 

III. — To find the latitude and longitude qfany star. 

Rule. — ^Place the upper end of the quadrant of al- 
titude on the North or South Pole of the Ecliptic^ as 
the star may be on the north or south side of it ; 
move the other end of the quadrant till the graduated 
edge comes over the centre of the star. The number 
of degrees contained between the £cliptic and the 
star is the latitude ; the number of degrees between 
the first point of Aries and the edge of the quadrant 
is the longitude. 

Ex. — Required the latitude and longitude of Aldei»aran in Tau- 
rus ? Ans. Latitude 5° 28' S. ; longitude 2 signs* 6° 63', or 6° 58' 
OeminL fiequired the latitudes and longituaes of ^e following 
stars : Markab in Pegasus, Alktir in the Lagle, Vegaia Lyra, Fo^ 
malhaut in the S. Fish, Scheat in Pegasus. 

I v.— «7%« latitude of a place, day of the month, and the 
hour being given, to place the globe in such a manner 
that it wiM represent thefaceqfthe heavens at thai time. 

Rule.— Set the globe due north and souths and rec- 
tify it for the given latitude and Sun's place ; turn tbe 
globe till the index points to the given honr^ and in 
this position the globe will represent the face of the 
heavens. If the situation of the planets is wanted^ 
find their latitudes and longitudes in a nautical Alma- 
nack^ and. mark their places on the globe. 

Ex. — Represent the face of the heavens for Edinburgh on the 25th 
December, at half-past 9 o'clock, and Cor I<eonis will be found 10** 
high, £. by N. Procvon is 23<' E.S.E. CapeUa is about 76° S.£. 
Sinus, about 8°. Aldebaran, 48° high, a little to the east of the me. 
ridian. Orion, one of the most conspicuous constellations in tbe 
heavens, between Sirius and Aldebaran. Algenib to the west of the 
meridian, and nearly 84° high. 



V.-'^To find at what time any of the heavenly 

will rise, come to the meridian, ana set on any given da^. 



* Signs signify the signs of the Ecliptic, 
ini 3, Cancer 4, &c 



Aries 1, Taurus 2, G«. 

mini 
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Bui«iS.*-~Reetify die globe for the latitude and Sun's 
place for the given day ; bring the star or planet's 
place^ found in the Nautical Almanack, to the eastern 
edge of the horizon, the index will show the. hour of 
rising ; then take the star to the meridian^ the time of 
culminating will appear on the index. Bring the star 
to the western edge of the horizon^ and the index will 
point the time of setting. 

Ex. — At what time will Arcturus rise, come to the meridiai), and 
set at London ? Ans. It will rise at seven o'clock in the morning, 
come to the meridian at three in the afternoon, and set at eleven o^clock 
atniffht. At what time does Aldebaran iSse, cuhninate« and set at 
£dinDurgh on the 20th January ? At what time does Sinus rise, set, 
Mid come to the meridian of fioinbii^g^ on the 30th January f At 
wliat hour will Jupiter rise, euhniiiate. and set at Loadon on the 
12th of December, 1831, his longitude being then 10 signs, 13° 28', 
or in 13*" 23' of Capricom, and ills latitude SO' S. ? 

Note.— Find die planet's place, and put a small patch of )ibper 
on the globe. 

Vl^-^ToJind the atnplilude qfanaf star, and the length 
rfiU diurnal arc at any place* 

RuLB. — ^Rectify the globe for the latitude of the 
given place ; bring the given star to the eastern edge 
of the horizon, the number of degrees contained be- 
tween the east point of the horizon and the star is the 
amplitude required, either north or south. Set the 
hour-index to 12, and turn the ^lobe till the star come 
to the western edge of the honzon, the hours passed 
over by the index will be the star's diurnal arc. 

£x. — Required the rising and setting amplitude and diurnal arc 
af INrius at London ? Ans. The rising amplitude is 27 degrees to the 
•ooth of the east ; the setting amplitude, 87 dopcees south or the west | 
and the diurnal ar&K hours six minutes. Squired the amplitude 
and diurnal arc of fiellatrix at Paris ? 

VlL^To Jind ike distance of the stars from each 
other in degrees. 

• 

Rule. — ^Laj the graduated edge of the quadrant over 
the given stars; the degrees, counted on the quadrant 
between the two stars, is the distance required. 

£x-<-Aequired the dlBtanoe between Capella and Cor Hydne. 
Ana. 79^. What is the dislanoe between Aldebaran and Sirius i 
Between Arettirut in fio5tes and the star A in the right shoulder 
of Sezpentarius ? Between Vepa in iorxa uidAitair in the £agle.* 



None of these distances it to be andentood as ml | for that no 
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yill.-— 7*Ae latitude of a place and day o^ the numtl 
Mng given, tojind the meridian altitude fffany star m 
planet. 

Rule. — Elevate the Pole to the latitude of the place 
and brinff the star to the brass meridian ; the de^reei 
contained on the meridian between the horizon and thi 
star is the altitude required.^For the Moon or a planet 
Find its latitude ana longitude for the given montl 
and day^ and bring it to the brass meridian ; the num- 
ber of decrees between the horizon and the planet is 
the altitude required.* 

Ex.— What is the meridian altitude of Procyon in the JLittle D<m 
in the latitude of Edinburgh ? Am. 44°. What is the meridian af 
titude of Arcturns in Bootes at Edinburgh ? Of Sinus at London : 
Of Aldebaran at Home ? Of Capella at Lisbon ?~On the Ist of Sep. 
tember. 1823, the lonsitude of Mars was 10 signs 2** 2(K, and latitude 
5** 48^ 6. ; what was his meridian altitude at Ijondon ? 

IX.— >TAe latitude and day of the month being given, 
iojlnd whether Venus is a morning or an evening star, 
and how long she rises before the Sun, or how long she 
is after the Sun in selling. 

Rule.*— Find the latitude and longitude of Venus 
in the Nautical Almanack^ and mark her place on the 
globe^ then rectify the globe for the latitude and Sun's 

Elace for the given day. If Venus be then to the right 
and of the meridian, she is an evening star ; if to the 
left, she is a morning star. 

When Venus is an Evening Star. — Bring the Sun's 
place to the western edge of the horizon^ and set the 
index of the hour-circle to 12. Turn the globe west- 
ward on its axis till Venus comes to the edge of the 
horizon ; and the hours passed over by the index will 
show how long Venus is above the horizon after the Sun. 

When Venus is a Morning Star, — Bring the Sun's 
place to the eastern edge of the horizon^ and set the 



one can tell, much less are they capable of being reduced to mikSf 
but only as they appear to us under their different situations. 

* Here the daj of the month need not be attended to, as the me- 
ridian altitude of the stars on the globe in the same latitude is inva- 
riable ; but as the planets are continually changing thdr situatiQa, 
it is necessary to have the day for tbem« 
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index of the hour*circle to 12. Turn the globe east- 
ward on it^axis till Venus comes to the eastern edge of 
the horizon ; and the hours passed over by the index 
will show how long Venus rises before the Sun. 

Note. — The same rule will serve for Jupiter, by marking his 
place instead of that of Venus. 

£x.~On the 12th August, 1829, the longitude of Venus was 4 
tigns 4*' 32', or 4° 32' of iLeo, and her latitude 41' N.^ Was she a 
momiDg or an evening star ? Ans. Venus was a mommg star, and 
rose about one hour and forty-five minutes before the Sun. On the 
25th December, 1831, the longitude of Jupiter will be 10 signs 21*" 
ir, or 21<> 11' in Aquarius, and his laUtude 0<> 66' 8., WUl he be a 
morning or an evenmg star ? 



BXPLANATION OF TERMS MADE USE OF IN ASTRONOMY. 

AbemUiony an apparent change of place in'the fixed Stars, which arises 

from the motion of the £a?th combined with the motion of light. 
JEras^ certidn periods of time whence Chronologers and Astronomers 

begm thdr computation. 
Angle, the inclination or opening of two lines meeting in a point. 
Antipodes, those inhabitants of the £arth who live diametrically 

opposite to each other. 
Apnelion, that point in the orbit of a planet in which it is at its 

greatest distance from the Sun. 
Atmosphere, that collection of vapours or body of air which surrounds 

or encompasses the Earth. 
Attraction, a property of nature by which bodies are made to ap- 
proach ttdi other without any sensible agent either drawing or im* 

pdUng them. 
Asis qf the Earthy or a planet, an imaginary line passing throu^^ the 

centre from one Pole to the other, or that round wnich they are 

supposed to perform their diurnal rotations. 
Sissejttile or Leav Year, so called by the Romans on account of their 

reckoning the otfa day of the Calends of March twice over. 
Centrifugal Foree, that force by wliich any revolving body endeavours 

to fly en from the centre of motion, in a tangent, to the drde whidi 

UdesaibM. 
Centripetal Foree, that force bv which any revolving body is made 

to tend towards the centre of its orbit. 
Colures, two great circles or meridians, one of which passes through 

the MismUu points, Cancer and Capricorn, and the other through 

the equinoctial points, Aries and Labra. 
Conjunction is when two Stars, seen from the Sun or Earth, appear 

in the same point of the heavens, or answer to the same d^ree of 

the Ediptic 
Constellatton, a group of Stars resembling some figure. 
Dajf, Natural, toat portion of time in wmch the Earth completes an 

entire revolution on its axis. 
«^- Ari^Seial, the time between the Sun's riiiDg and setting. 
.^— Astronomical, the time between the successive trandts of the 

Sun*s centre over the same meridian, which always begins and ends 
at noon. 
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I} c i ma ilm f^ ^ Swi, Mom^ or Start j k the distance ii«th or 
floutfa of the Equator. 

Diumaif daily. — Direct, moving straigfat forward frdm west to east, 
opposed to letromde. 

Eocentrieiisf^ the aUferenoe or devmtion from a true cbde. 

Edipticy a great circle of the sphere in which the Son always appears 
to move ; so called because eclipses generally happen when the 
Moon is in or near this circle. 

ISkmgmthn, the angular distance of a i^anet fh>m the Sun as It ap- 
pears t» the spectator on the Earth. 

JBvuator, a great circle that diviiss the nortfaeni from the Hmthem 
ncmispheies* 

Sqttmwtei^ the two points when the Ecliptic cats the Equator ; so 
called becauas the days and nights are ov equal lengths 

Horutan, Senaibley the boundary of our sight. 

..—^ Rational, a great circle which is parallel to the sensible 
horizon, and whose two poles are the zenitn and nadir. 

Latitude of a place, its distance firom the Equator north or south, 
reckoned in degrees, minutes, Ac., upon the are of a great circle 
which is perpendicular to it. 

LenffUude qfa Star or Planet is its distance from the 1st point of 
Aries, reckoned in degrees, minutes, &c., upon the Ecliptic 

Luminotu, light. Luminary, Sun or Moon is called a luminary. 

NadWy that point of the heavens directly over our head. 

Netmlaey dusters of small Stars, so called from their doudy ap- 
pearance. 

^Vodif tf^ the two points where the orbit of a planet intersects the (dane 
of the Ediptic. 

Nucleus^ any thing about which matter is conglobated or gathered. 

Occullation is when a Star or planet is hid from our sight by the in- 
terposition of the Moon or some planet. 

Opaque, dark, not transparent. 

Parallcuv, the difference oetween the places of any cdestial object as 
seen from the suriiEice of the Earth and from its centre. 

Physical, relating to nature or to natural philosophy. 

Perihelion, that point of a planet's orbit which is nearest the Son. 

Precession of the Equinosees, a slow motion of the two points where 
the Equator intersects the Ediptie, which are found to go backward 
abovii fifty-two seconds per year. 

Prt^ectiie, any body put in motion. 

Qutescent. a body at rest, opposite to motion. 

Metvograae, going backward. 

Sideral, belonging to the Stars or Planets. 

Solar, bdonging to the Sun. 

Spstan» a number of bodies revolving round a common centre, as 
the planets and comets move round uie Sun. 

Spsm^ies^ the conjunction and opposition of the Moon particularly. 

TroptcMy two small drdes of the sphere at which the Sun turns his 
course. They are parallel with the Equator, and are nearly twenty- 
three and a half decrees distant from it. . 

Zodiac^ a zone or gir^e surrounding the heavens, of about 18 deg;rees 
broaa, in the middle of which is the Ediptic, and in which the or- 
bit of all the planets are induded. 
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